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Part One 
INTRODUCTORY 


CHAPTER I 


AUTOMATIC AND SEMI-AUTOMATIC LATHES, 
GENERAL ASPECTS 


§ 1. CONCISE REVIEW OF MACHINE TOOL DEVELOPMENT IN 
RUSSIA 


Engineering development and invention have been held in high 
regard by the Russian people for many centuries. They have Always 
done everything in their power to advance science and engineering. 
Many names of Russian scientists and inventors, that have enriched 
the treasury of human knowledge, decorate the glorious pages of 
Russian history. 

Distinguished feats of Russian craflsmen adorn the annals of 
engineering history. 

Russian engineering progress reached a high level of development 
in the eighteenth century. Many great Russian inventions in the 
metal-working field date from this time. 

At the beginning of the eighteenth century, the lathe hand 
A. K. Nartov designed and built a number of new lathes for turning 
gun chambers, cropping ingots, cutting screws, copy-machining 
operations, and others. These lathes, some equipped with the first 
slide-rests, also invented by Nartov, were the first true lathes in 
the modern sense. 

The talented inventor Y. Batishchev invented a number of mul- 
tiple-spindle machine tools. 

In addition to his fundamental discoveries in all branches of 
physics and chemistry, the world-famed Russian scientist M. V. Lo- 
monosov made many inventions in various fields of industry in the 
middle of the eighteenth century. Lomonosov built machine tools 
for metal-cutting, including a spherical-turning lathe, as well as 
machines for glass working. 

The gifted inventor Lev Sobakin designed screw-cutting and 
cylinder-drilling machines. 

There were many born inventors among the employees of the 
Tula, St. Petersburg, and Ural armouries. The names and deeds 
of worker-inventors of this period, such as Alexei Surnin, Stepan 
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Tregubov, Nikita Bakharey, Pavel Zakhava and others are well 
Knows. 

The fundamentals of the modern science of cutting metals and 
of machine tool engineering were founded by the Russian scientists, 
Academician A. V. Gadolin and Professor I. A. Thime, in the mid- 
dle of the nineteenth century. 

The foundation for a powerful machine tool industry was laid 
after the Great October Revolution. New plants were built, cadres 
of skilled workers, setup men, and engineers were trained and the 
production of Soviet machine tools, as well as their incessant im- 
provement, advanced at a new pace. 
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Fig. 1. Growth in the number of types and total 
number of automatic and semi-automatic lathes pro- 
duced in the U.S.S.R. 


The development of the machine tool industry in the Soviet Union 
tnay be traced on the comparative diagram of automatic and semi- 
automatic lathe production (Fig. 1). 

About 1,500 machine tools were produced in tsarist Russia in 
1913 while from 190 to 200 thousand machine tools, most of which 
are to be of the latest and most progressive types, including automat- 
ics, semi-automatics and multiple-spindle machines, are planned 
as the output for 1965 (Fig. 2). 

In design, Soviet machine tools are the best in the world. They 
have a high production capacity and are exceptionally convenient 
in operation. 

The Seven-Year Plan for the Development of the National Econ- 
omy of the U.S.S.i. in the period from 1959 to 1965, endorsed by the 
21st Extraordinary Congress of the C.P.S.U., provides for extensive 
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development of mechanisation and automation in all branches of the 
national economy and for the application of automatic and semi- 
automatic machine tools for all types of metal-working operations. 
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Fig. 2. Growth in the number of types of high- 
ly-automated machine tools. 


§ 2. FUNDAMENTALS OF METAL-CUTTING MACHINE TOOL 
AUTOMATICITY 


Machine tools are precise and complex machine implements which 
serve to produce machine parts by metal-cutting, i. e., by remov- 
ing metal in the form of chips. 

Semi-automatics and automatics are among the most highly pro- 
iluctive machine tools. 

The operation of an automatic machine tool and, all the more, 
its setting up, can be entrusted only to persons with a comprehen- 
~ive knowledge of its design and principles of operation. 

Automatic lathes are high-speed machines and, therefore, the 
observance of safety rules in their operation is obligatory for all 
altendants and servicing personnel. 
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If all servicing and handling tnstruclions are strictly observed, 
the operation of an automatic lathe will present no hazard what- 
soever to the workman. 

All operations in machining a workpiece on a metal-cutting ma- 
chine tool are classified as either processing or handling operations. 
Processing operations are those in which the actual cutting process 
or chip removal takes place. The rest are handling operations and 
include loading and clamping the work, advancing and wilhdraw- 
ing the cutting tools, releasing and unloading the work, checking 
the size of the workpiece, etc. 

In up-to-date machine tools, the processing operations are per- 
formed by the operative mechanisms of the machine tool. Handling 
operations are performed in various ways in. different machine 
tools. A part or even all of the handling operations are performed 
in certain cases by corresponding mechanisms. ‘The operator of olh- 
er types of machine tools performs the handling operations himself. 

The faster the working and handling operations are performed 
in a machine tool, the less time will be required to produce a work- 
piece and the more workpieces can be produced in the same period 
of time by a given machine tool, 1. e., the higher the productive capac- 
ity of the machine tool. If more handling operations are performed 
by the machine tool without the participation of the operator, he 
will spend less time on attending the given machine tool and can 
handle more machine tools at the same time. Such machine tools 
enable a workman to machine more workpieces per shift and, conse- 
quently, his labour will prove more productive. Machine tools, 
designed with mechanisms that perform the majority of the required 
handling operations wilhoul the direct participation of the operator, 
are called automatic machine tools. 

Hand labour is reduced to a minimum in automatic machine 
tools and consists in setting up certain mechanisms, observing their 
operation and climinaling any trouble that may arise. 

An increasing degree of machine tool automaticity is an important 
factor in raising the production level as a whole. 

Developments in enginecring lead to further improvements in 
production processes and new methods for automating machine tools 
are devised. 

Highly automated machine tools, and especially of the lathe 
family, are ordinarily classified as automatics and semi-auto- 
matics. 

Automatics, as their name implies, are machine tools which ma- 
chine workpieces automatically. They have a fully automatic work- 
ing cycle repeated to produce duplicate parts without participa- 
lion of the operator. All of the working and handling operations 
are performed in a definite sequence by the control system adopted 
in the automatic, which must be set up to suit the given job. The 
only non-automatic operations are loading the blanks (or bar stock} 
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jor a batch of parts and inspecting the work in the course of opera- 
tion. In some instances, automatic inspection is incorporated in 
{he design of the machine lool. 

Semi-automatics are machine tools in which the actual machin- 
ing operations are performed automatically in the same manner 
as on automatics. In this case, however, the operator loads the blank 
into the machine, starts the machine, checks the work size, and re- 
inoves the completed piece by hand. The machining cycle is automat- 
ed, but direct participation of the operator is required to start each 
subsequent cycle, i. e., to machine each subsequent workpiece. 

Machine tools, not classified as automatics or semi-automatics, 
may also possess a certain degree of automaticity which varies for 
various types of machine tools. The more automatic operations 
they have, the nearer they approach the design level of machine 
tools with a semi-automatic or a fully automatic operating cycle. 

Not only highly automated machine tools are produced in the 
U.S.S.R. Automatic transfer machines, automated production de- 
partmenis, and even fully automated plants are being designed and 
built in ever-increasing numbers. Here, a large number of machine 
tools, arranged in the required order to process a workpiece of giv- 
en design, are linked together with an automatic conveyer. ‘The 
workpiece passes from unit to unit and is machined in a definite 
sequence of operations. Such a method is called completely or com- 
prehensively automatic machining. 

Automatic transfer machines, automated production departments 
and plants are the highest form of part machining automation and 
ithe production process employed in this case is said to be compre- 
hensively automated. 

The role of the setup man becomes more and more important 
in connection with the automation of machine tools and production 
processes. He must be able to properly set up such machines, check 
their operation, and remedy certain defects in their mechanisms. 
The skill of the setup man not only influences the quantity of work 
produced, but its quality as well. The setup man should have suffi- 
cient technical training and should have a most comprehensive 
\nowledge of the design and setting-up procedure of the automated 
machine tools entrusted to his care. 


§ 3. IN WHAT WAYS THE OPERATION OF SEMI-AUTOMATIC 
AND AUTOMATIC LATHES DIFFERS FROM THAT OF ENGINE 
AND TURRET LATHES 


The difference between the machining methods, applied on ma- 
chine tools which have various degrees of automaticity, may be 
properly understood by considering the operation of engine and 
lurret lathes. 
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Vhe blank fora spur or helical gear may be machined on either 
a multiple-tool semi-automatic or on a semi aubomatic tracer- 
controlled lathe (Figs 3 and 4) in accordance with the required 
form of the gear and its specific dimensions. If this gear is turned 
on an engine lathe, the following operations will be performed 
after setting up and clamping the blank and the culling tools: the 
spindle speed and the rate of tool feed are set to the selected values, 
the tool is advanced to the work, carriage power feed is engaged 
to turn the outside diameter, the spindle is stopped, the work 
diameter is measured, and the tool is withdrawn from the work. 
These operations are repeated several times for machining the hub, 
faces and other surfaces of the gear. 

So many manual operations are required to machine each work- 
piece on an engine lathe that the operator must closely attend the 
lathe during the whole time machining takes place. ‘The large num- 
ber of movements, he is obliged to make, tires the operator so 
that he cannot increase the rate of production by merely working 
faster. 

At first, special devices were developed to automate certain of the 
handling operations on engine lathes to increase their production 
capacity. When such attachments are employed, the machining 
cycle of the engine lathe may approach that of a semi-automatic. 
If a considerable number of workpieces is required, i.e., for long- 
run production, it will be more expedient to do the job on a semi- 
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Fig. 3. Tooling;setups for turning a gear blank in a multiple-tool semi-auto- 
matic lathe. 
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Fig. 4. Semi-automatic lracer-controlled lathe. 


{ setup control panel, 2—operation control panel, 3—hexagon socket shalts tor changing 
spindle speeds, 4—handle for cleaning the filter of the headstock lubricating system, 5 —cocks 
for coolant feed to upper and lower slides, 6 —square shanks for setting the tool to the required 
depth of cut, 7—tailstock spindle control lever, 8’—-longitudinal (tracer) slide control panel, 
” cross (facing) slide control panel, 70—tailstock spindle control panel, /f’—screw for 
traversing the tailstock, 72—handle of the lubricator, 13—handwheel for setting the template 
er model in a longitudinal direction, Z24--handwheel for setting the depth of cut,13—lever 
or clamping the_tracer carriage, and 16—handwheel for adjusting the tracer stylus stop 


automatic (Fig. 5) or a fully automatic lathe (Fig. 6) which must 
be set up and tooled for the designed operations. 

‘A semi-automatic or an automatic lathe is set up by selling 
(le required spindle speed and the rates of travel of the various 
nits carrying the cutting tools, by adjusting and clamping the 
fools and by determining the time required for each motion and 
for the complete machining cycle. 

Production may begin only after the semi-automatic is properly 
sel up. ‘Phen the operator loads and clamps the blank manually 
and starts the machine. All operations required to machine the 
work piece will be performed automatically by the various mechanisms 
and when they are completed, the machine will stop automatically. 
Vhe operator then removes the finished work, loads a new blank and 
‘larts the semi-automatic again. This procedure will be repeated 
lor each workpiece. 
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If, however, the same gear blanks are machined on a fully auto- 
matic lathe (see Fig. 6), then not only the complete machining 
cycle, but all of the handling operations will be performed by the 
mechanisms of the machine. For this purpose a magazine-loading de- 
vice (Fig. 7), holding several blanks, is mounted on the machine. 
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Fig. 5. Hydraulic semi-automatic vertical lathe, 
model 111734. 


The loading mechanism sets the blank into the working posi- 
tion. Here the blank is clamped and the operating units are engaged 
automatically to start the machining operation. After this, the 
toolslides return to their initial posilions, and the finished work- 
piece is unclamped and ejected from the machine. The whole cycle 
consisting of these movements is performed automatically. 

If a bank of such automatic lathes, arranged in a delinite se- 
quence and linked together with an automatic conveyer, is set up so 
that a workpiece machined in one machine will be automatically 
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Fig.6. Automatic vertical lathe, model 111734. 


f electric motor, 2—working slide, 3—boring spindle drive motor, 4—boring spindle, 5— 
pendant push button station, 6—lateral slides, 7—work spindle, and §—main drive motor 


translereed and loaded into the next machine for the subsequent 

operation, we will have what is called an automatic transfer machine. 
Automatic loading devices may also be employed on universal 

engine iathes, 

, lelore starting a semi-automatic or an automatic lathe on a 

production run, it is necessary to check the accuracy of the setup 
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by what is called first-piece inspection. A comprehensive check-up 
on the first workpiece of the lot to be produced will ensure a high 
quality of automatic production. 

If the machining methods used on engine lathes are compared 
with those for automatic lathes, it will be evident that very little 
time is lost in setting up an engine lathe but, on the other hand, 
a greater number of manual operations is required than for an auto- 


matic Jathe. 
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Fig. 7. Feeding and mounting gear blanks for a magazine type auto- 
matic lathe. 


Therefore, if a short run is required to produce a small lot of 
workpieces, it will be more profitable to do the job on an engine 
lathe. If, however, large amounts of identical workpieces are to be 
machined in large-lot or mass production shops, it will prove more 
expedient to spend somewhat more time in setting up a semi-auto- 
matic or an automatic lathe and to obtain a substantial reduction in 


machining time. On an automatic lathe, the required number of 
workpieces will be machined in a much shorter time and with con- 
siderably less participation of the operator. As a result, the opera- 
tor may attend several machines simultaneously. 

A higher productivity of labour will be obtained if automatic 
transfer machines are employed in mass production. 

The differences in operation between machine tools of the same 
general type, but with various degrees of automaticity, are even 
more apparent when an ordinary turret lathe is compared with an 


automatic screw machine. 
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rig. Sillustrates a tooling layout for machin- 
inv a certain part on an automatic screw 
machine. The large number of manual move- 
ments required to machine the same _ work- 
piece on an ordinary turret lathe (Fig. 9) can 
well be imagined. 

After setting up a manually-controlled tur- 
ret lathe, the following manual operations will 
he required: feeding out and clamping the 
stock, indexing the turret to the required posi- 
lion, selecting and setting the proper specd 
and feed, advancing the turret to the work 
and engaging power feed, withdrawing the 
turret, etc. 

These manual operations will be repeated at 
each turret position that has been utilised 
in the given setup. Several additional hand 
movements will be required during the 
operation of the tools clamped in the cross 
slide. 

Since direct participation of the turret lathe 
operator is considerable he can attend only a 
single machine. 

Much more time will be required to set up 
an automatic screw machine, but the length 
of the machining cycle and the direct partici- 
pation of the operator will be substantially 
reduced. Thanks to these features, a single oper- 
ator may attend several screw machines since 
he need only restock the machines from time to 
time with anew bar, make periodic measure- 
ments of the finished work, and replace dull 
tools. 

Features that reduce the time required for 
changing over from one setup to another are 
incorporated, wherever possible, in the designs 
of new automatic machine tools. These 
features enable the machines to be expediently 
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Fig. 8 Automatic 
screw machine tooling 
: layout with six opera- 
employed for short-run production. tion elements. 


§ 4. CLASSIFICATION OF AUTOMATIC AND SEMI-AUTOMATIC 
LATHES AND THEIR FIELDS OF APPLICATION 


Automatic lathes are mainly classified as to their size, type o- 
blank machined, their processing capacity (operations performed) 
the machining accuracy attained, principle of operation 
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design a number of spindles and work positions, and type 
Fie. 10 

In ene with the arrangement of their spindles, semi-auto- 

matic lathes are classified as horizontal (see Figs. 4 and 11) aid 
vertical types (see Figs. 6 and 12). 

The vertical machines are heavier, more rigid and more powerful 
than the horizontal models and are designed for machining large- 
diameter work of comparatively short length. Vertical machines 
occupy less floor space in the shop but require higher bays than hori- 
zontal lathes. 
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F i‘g. 9. Turret lathe, model 111325. 


Automatic bar machines are designed for producing workpieces 
of bar or pipe stock while magazine-loaded automatics process work 
from accurate separate blanks (see Fig. 7). 

Semi-automatic lathes (chucking machines) areemployed for mach- 
ining separate blanks (hammer or die forgings, castings, or pieces 
of previously cut off bar or pipe stock). 

Automatic lathes are chiefly used for lot and mass production. 

Automatic lathes (bar machines) are employed for the manu- 
facture of high-quality fastenings (screws, nuts, and studs), bush- 
ings, shafts, rings, rollers, handles, and other parts, usually made 
of bar or pipe stock and, recently, of separate blanks as well. The 
machining accuracy attained by these automated machines depends 
on the type of machine and cutting tool employed. 
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F ig. 11. Horizontal six-spindle automatic i ee 
bar machine, model 1240-6. ETE Tepes 
I—chip pan, 2—stock reel stand, 3—stock tubes, 

4— side toolslides, 5 -- work spindles, 6 — top 

Lrace with cainshaft, 7 -- end tooltslide, & -— cycle 

indicater, y— drive motor for setting up operation. 
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Fig. 12. Vertical eight-spindle cori autoniatie huge machine, model 1283, 

I—base, 2—toolslide, 3—automatic work handling device, 4—column, 5—main drive motor, 

6—top section containing speed and feed gearboxes, 7—push button station, and §—spindles 
with chucks. 


Automatic and semi-automatic lathes are classified as single- 
spindle (see Figs. 4 and 6) and multiple-spindle types (see Figs. 11 
and 12). 

Multiple-spindle automatics and semi-automatics may have 
from two to eight spindles. Their production capacity is higher 
than that of single-spindle machines but their machining accuracy 
is somewhat lower. The rate of production of a multiple-spindle 
machine, however, is less than that of the corresponding number 
of single-spindle machines. The production capacity of a four-spin- 
dle machine, for example, is only 2% to 3 times (and not 4 times) 
more than that of a single-spindle machine. 

Automatics and semi-automatics are chiefly designed for the 
performance of the following machining operations: centering, 
turning cylindrical, tapered and formed surfaces, drilling, boring, 
reaming, spot facing, knurling, cutting threads, facing and cutting off. 

Special attachments for automatic lathes provide for such addi- 
tional operations as slotting (milling slots for a screw driver in screws), 
milling flats, cross drilling, etc. 
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Fig. 13. Automatic cutting-off machine, model 1106 
for coil feed. 


Automatics and semi-automatics are also classified as machines 
designed for producing complex work, requiring a large number 
of cutting tools, and machines for simple parts. 

Selection of the proper type of machine for producing a given 
workpiece should be made with due consideration for the type of 
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machining operations required, the number of workpieces required, 
their accuracy, the required production capacity, etc. 

Many types and sizes of single- and multiple-spindle autoinatics 
and semi-automatics are manufactured in the U.S.S.R. More and 
more of these high-production multiple-tool machines, designed 
and built by Soviet engineers and workmen, are heing produced 


every year. 


§ 5. PRINCIPAL TYPES OF SINGLE-SPINDLE AUTOMATICS 


Single-spindle bar and magazine feed automatics are designed 
for various types of machining operations and are further classified 
as automatic cutting-off machines, Swiss-type automatic screw machines, 
and automatic screw machines (Figs. 13, 16, and 17, respectively). 

Automatic cutting-off machines (Fig. 13) can preduce short work- 
pieces of simple form by means of cross-feeding tools (lig. 14). 

These automatics are simple in design. The head- 


HE stock with the spindle is mounted on the hed. Two 
a) Fe cross slides are located on the bed at the front end 
| of the spindle. Cams on a camshaft actuate tiie work- 
om ing movements of the cross slides through a system 
ey. of levers. 
b) F 7 Special one-, two-, and three-station attachments 
cal are used for machining holes and cutting thread on 
on these machines. 


Ne ye Swiss-type automatic screw machines (Figs. 15 and 
16) are designed for machining long accurals parts 
of small diameter (2 to 25 mm) (Fig. 18). An exclu- 


my * e e “4 ; 
F a sive feature of these machines is the longitudinal 
y al travel of the headstock or of a quill carrying the 


rotating work spindle. The end of the bar, pro- 
pt jecting from the chuck, passes through a guide 
e} yl = bushing (steady-rest) beyond which the cross-feed- 
: ing toolslides are arranged. A wide variety of formed 
Fig. 14. Tooling suriaces may be obtained on the workpiece by 
setups for vari- coordinated alternating or simultaneous travel of 
ee the headstock (longitudinal feed) and the cross siides 
ae cutting- (approach to the depth of cut). Holes and thread are 
off machine. machined by attachments similar to those used on 
automatic cutting-off machines. 

Single-spindle automatic screw machines (Fig. 17) are essentially 
wholly automatic bar-typ2 turret lathes. They are designed for ma- 
chining complex external and internal surfaces on parts made of 
bar stock (see Fig. 8) or of separate blanks (Fig. 19). Up to ten differ- 
ent cutting tools may be employed at one time in the tooling of 
such a screw machine. The tools are clamped in the holes at the 
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Swiss-type automatic screw machine. 


Fig. 15. 


, 6—headstock, 7—camshalt drive change- 


change-gears, and /3—main drive motor. 


ss-feeding tuolslide support 


v-— Cro 


/-~ bed, 
feed, ¥-—-cross-feeding toolslides, 27¢—rocker-arm tovulslide, 2i—cam, 12— 


3--- tool deviee, 


Ww 


1--hase, 2--- driving shaft, 
Cars, 8-—sluc 


cr 
mn 


¢ iz Tp 


Ue 1 
ae) ef 


a5 moe est 
—— pas 


9: 
7 ECE E : : 
= 2) ae Pi = ihe 
ere: | = 
~ oy ee . 
; ~OPes —_ mh. 
: ' \ ‘ ay08 con | ‘er 
= Phe 119 O'= 
Sei nae 
. beg oo 4 0) 
Sea, 191 2 i ave 
" mo 


Wy, 


, aes Th 
er ix fh (i elas ; a © 
oe oes opt , wae fs 
, De se. ert at. ioe. ae, Ba, 


qui 


Ch deem 
o'© 


Fig. 17. Automatic screw machine, model 1140. 


achine, 


‘general view. 


Fig. 16. Swiss-type automatic screw m 
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Fig. 18. Tooling layout fer Swiss-type auto- 
matic screw machine. 
/ and J/J—operation elements, I-IV—tools. 
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Fig. 19. Tooling layout for machining separate blanks 
on an automatic screw machine. 
I to 6--turret stations or positions. 


positicns of the periodically indexing turret and in the cross slides. 
The stationary headstock, mounted on the left end of the bed, houses 
the spindle which rotates in either direction. The turret slide is 
arranged at the right end of the bed and carries the turret having six 
tcol holes. Two cross slides (front and rear) are provided for cross- 
feeding tools. A vertical slide attachment which provides an addi- 
tional (third) cross slide may be employed. It is installed above 
the work spindle. All movements of the machine units are actuated 
by cams mounted on the camshaft. 


§ 6. PRINCIPAL TYPES OF MULTIPLE-SPINDLE AUTOMATICS 


In accordance with the type of blank used, multiple-spindle auto- 
inatics are also classified as either bar-type or magazine-loading 
machines. 

In their principle of operation, they may be classified as paral- 
lel- and progressive-action automatics. 

Multiple-spindle parallel-action automatics are often called 
multiple-flow machine tools. The same operation is performed on 
each spindle and a workpiece is finished in each spindle in one work- 
ing cycle. This means that as many workpieces are simultaneously 
machined as there are spindles. Such machines have a very high 
rate of production but may be applied for very simple work only 
since the whole machining process takes place at one position (sta- 
tion) (Fig. 20 a). 

Multiple-spindle parallel-action automatics are usually automatic 
culting-off bar-type machines and are used to produce the same 
work as single-spindle automatic cutting-off machines. Centering 
or a single drilling operation may also be performed on certain mo- 
dels. In design, these machines comprise a frame with a headstock 
at the right end. The headstock houses the horizontal work spin- 
dles which are arranged in a line, one above the other. All working 
and auxiliary motions of the machine units are obtained from the 
cams mounted on the camshaft. Cross slides (side toolslides) are lo- 
cated at the right- and left- hand sides of the spindles and carry the 
cross-feeding tools. Each side toolslide accommodates tools for all 
of the spindles. 

In multiple-spindle progressive-action automatics (multiple-sta- 
tion machines), the blanks, clamped in each spindle, are machined 
progressively in station after station (Fig. 20 b and c). 

As a rule, these machines (see Fig. 11) have a headstock mounted 
at the left end of the base. [t contains the spindle carrier. A column 
at the right end is a gearbox. Independent side toolslides are provid- 
ed on both sides of the spindle carrier. The end toolslide, which 
accommodates tooling for all of the spindles, travels on the spindle 
carrier stem. A top brace, connecting the headstock and gearbox on 


29 


Work spindles 


Front Rear 
foolslide ‘| foolslide 
Loading and 


unloading | 
positions 


4 th position 
{ cut off and 
stock feed } 


/ 
a) 7° Load; 
Ee. pgsition 


5 — Loading 
é) position 


Fig. 20. Types of multiple-spindle operation. 


a — parallel-action QGnultiple-flow), b&b and c — progressive-action (multiple 
station), d and e--parallel-progressive action. 


top, imparts the required rigidity to the frame. The camshaft with 
the cams is located in this top brace. 

The spindles of these machines are mounted in a carrier which 
periodically indexes through a definite angle. In a four-spindle ma- 
chine of this type, each blank indexes through four stations in which 
it is machined; in a six-spindle automatic the blank indexes through 
six stations, etc. It is evident that much more complex workpieces 
may be produced on multiple-spindle progressive-action automatics 
than on the parallel-action models. In each cycle sof a progressive- 
action machine, machining is finished in one spindle, i. €., one part 
is produced. In one revolution of the carrier, as many workpieces are 
produced as there are spindles in the carrier. 

In certain six-spindle automatics of this type, stock is fed out 
at two stations, forexample, 2and 5. One workpiece will be machined 
consecutively at stations 7, 3, and 5 and the other at stations 2, 
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4, and 6. Consequently, two workpieces will be finished at each cycle 
or indexing. Each piece will pass through only one-half of the 
stations on the automatic. This is called double-indexing or the par- 
allel-progressive principle and enables the rate of production to be 
sharply increased for simple workpicces. 

In this manner, multiple-spindle automatics and semi-automat- 
ics may operate so as to produce two workpieces instead of one at 
each indexing. In these cases, stock is fed or the blank is loaded and 
the finished workpiece is unloaded at two stations which are ar- 
ranged either adjacently (Fig. 20 d) or on opposite sides of the carrier 
(Fig. 20 e). 


§ 7. PRINCIPAL TYPES OF SINGLE-SPINDLE SEMI-AUTOMATICS 


Semi-automatic lathes are employed for machining work from 
separate blanks. The operator unloads the finished work, loads 
and clamps the blank and starts the machine. Time required for 
handling operations may be substantially reduced by a proper selec- 
tion of the clamping devices. 

Single-spindle semi-automatics are classified as centre and chuck- 
ing types. In the first, the work is held between centres (fig. 21 @ 
and 6) and in the second, in a chuck (Fig. 21 c, d and e). External 
stepped or formed surfaces are usually machined on centre-lype semi- 
automatics. A headstock and a tailstock are mounted on the bed of 
such a machine. The work is machined by two groups of cutting tools. 
The front toolslide holds the cutting tools which require a longitu- 
dinal feeding motion (to turn the steps of a shaft) while the rear 
toolslide holds tools that require a transverse feed motion (to perform 
facing, shouldering, necking, chamfering, and similar operations). 

Single-spindle chucking semi-automatics may be equipped with 
various toolslide arrangements. If internal surfaces are to be ma- 
chined in addition to external surfaces, semi-automatics having a 
central end-working toolslide or a turret are employed. These ma- 
chines are usually equipped with longitudinal and transverse feed 
toolslides as well. 

The multiple tooling principle, in which machining is performed 
with several cutting tools simultaneously, is often applied on sin- 
gle-spindle semi-automatics (Fig. 21 @ and e). The tracer-control 
principle, employing a single tool, is also widely used. Finally, a 
combination method is applied in which the straight turning is per- 
formed by a single tracer-controlled tool and cross feeding opera- 
tions, by several tools (Fig. 21 6 and d). 

Single-spindle semi-automatic lathes are either of horizontal (see 
Fig. 4) and more seldom of vertical design. The feed motions may be 
obtained either mechanically (from a camshaft with cams) or from 
a hydroelectrical system. 
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Single-spindle semi-automatics may be converted into fully auto- 
matic machines by the provision of a magazine and automatic load- 
ing and unloading devices (see Fig. 7). 

A large number of types and sizes of single-spindle semi-automa- 
tic lathes are manufactured in the Soviet Union. These include spe- 
cial, single-purpose machines designed for turning crankshafts, 
camshafts and other complex work. 
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Fig. 21. Tooling setups for single-spindle semi-auto- 
matics. 


a and 6—work held between centres, c, d, and e—work held 
in a chuck. 
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§ 8 PRINCIPAL TYPES OF MULTIPLE-SPINDLE SEMI-AUTOMATICS 


Multiple-spindle semi-automatic lathes are high-production ma- 
chine tools designed for turning work between centres or clamped 
in a chuck. These semi-automatics, in the same way as automatics, 
are classified as parallel-action (single station) and progressive-ac- 
tion (multiple station) types. In the progressive-action semi-auto- 
matic, the blank clamped in each spindle is conseculively machined 
in each station (see Fig. 20 b and c and Fig. 22) or, in case of double- 
indexing, in one-half of all the stations (see Fig. 2U d and e and 


Fig. 23). 


Rate of production 60pcs/hr 
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Fig. 23. Performing two different operations on a disc in an cight-spindle semi- 
automatic lathe with double-indexing of the spindle carrier (parallel-progres- 
sive principle). 


First operation—stations 2, 4, 6, and 8; second operation—stations J, 3, 5, and 7. 
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24. Fight-spindle rotary-type vertical automatic, model 
PAR 


ie 
7 eeneral Vv on b — . rincipal units: 7 — bs 2 — carrier and outer 
olumoi, 3 -- spindle — hydraulic tracer- “controlled slide, 5 — upper 
pi at ol Bee column, 6 — working zone shields. 


Parallel-action semi-automatics and automatics are usually of 
the rotary type (Fig. 24). They operate on the principle illustrated 
in Fig. 25. Each spindle has its own toolslide with tools; the spin- 
dles and toolslides are mounted in a carrier and on an outer column 
which rotate slowly but continuously about the inner column. The 
workpiece in each spindle is machined during this continuous ro- 
tation of the carrier and is finished just before the carrier makes a 
full revolution. In this manner, when each spindle approaches the 
loading zone, it is automatically stopped, the finished workpicce is 
unloaded and a new blank is loaded. 
This principle of operation enables 
the operator to stand in one place, 
the loading position, during operation. 

The operation of a rotary multiple- 
spindle semi-automatic can be more 
easily understood if it is considered as 
several lathes mounted on a continu- 
ously rotating column. Each lathe is 
loaded and started when it reaches the 
zone where the operator stands. This 
particular lathe will return to the 
operator’s workplace after the carrier 
makes onerevolution. During this time, 
| the work will be machined and the 

/ lathe will be automatically stopped. 
| This will enable the operator to remove 
Fig. 25. Machining principe the finished workpiece, to load a new 
employed in multiple-spinde blank and to start the lathe again. 
rotary-type semi-automalics. The same is true for each lathe 
1 — inner column, 2 -— spindle, ca cos ah foie a, 
3 — toolslide, ¢ — stationary cam mounted on the column. 
BLOUS ROMANE CURE Progressive-action semi-automatics 
may be converted into automatics by 
the provision of a magazine and automatic loading device. Diffi- 
culties are encountered in complete automation of multiple- 
spindle rotary semi-automatics since loading and unloading is to 
be done during continuous rotation of the carrier. This difficulty 
has been overcome in model 1272 (Fig. 24) in which the carrier in- 
dexes periodically (instead of continuous rotation) and consequently 
is stationary during loading. 


§ 9. MACHINE TOOL HANDLING AND MAINTENANCE 


Metal-cutting machine tools are complex machines which require 
careful handling and maintenance. Automatics and semi-automatics 
should never be operated by persons not acquainted with their de- 
sign and principles of operation. A strict conformance to all operat- 
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ing rules is of prime importance. lor this reason, one of the main 
duties of the setup man is to regularly instruct the automatic lathe 
operators on machine maintenance and lubrication, trouble-shooting 
and other aspects of machine altendance. 

The setup man must teach the operators time- and labour-saving 
working methods and proper workplace arrangement. Hie should 
explain and demonstrate the use of cutling and measuring tools. 

Automatics and semi-autcmatics are high-speed machines and, 
consequently, it is obligatory for all attendants and servicing hands 
to obey all safety rules concerning their operation. 

Safety rules will be taken up in more detail in a special section 
concerning the design of various machines. It is nevertheless 
advisable for each setup man to remember the following: 

1) Before starting the machine, check whether all guards and 
safety devices are in place and see that overalls anda working jackets 
are neatly buttoned or tied so that loose ends cannot be caught 
up by the spindles, chucks, work, or other rapidly rotating or travel- 
ling units of the machine. 

2) Never wipe off or cleanthe machine during operation in places 
near to rapidly moving parts of the machine or its drive, never 
repair or even touch operating mechanisms until the machine has 
coupletely stopped and there is no danger of it accidentally starting 
again, 


§ 10. MACHINE TOOL MODEL DESIGNATION 
The designation of machine tool models in the Soviet Union is 
based on the following principle. Each model should be designated 
in such a manner that it can be easily distinguished from any 


other type, size or model. 
Iixamples of automatic lathe designations are given below: 


1A136 


Lathe - type anol Bar capacity 


modified (new 36mm 


inodel ) 
Single-spindle oe 


{240-6 
Lathe-typé a 2 ee. spindle 
Multiple - spindle | 
automatic Bar capacity 


40mm 
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Each model is assigned a definite three-or four-integer number: the 
first figure indicates the group of machine tools, the second indi- 
cates the type of machine while the third and fourth figures 
indicate the size (not necessarily directly). To distinguish a 
new model from an earlier model of the same type and size, letters 
are introduced between the figures. If several alternate design 
modifications are made by the manufacturing plant, another Ietler 
is added at the end of the number. 

The first figure is “1” for machine tools of the lathe type. The 
second figure is also “1” for single-spindle automatics and seimi- 
automatics and is “2” for multiple-spindle models. 


CHAPTER Il 
DRIVES AND OTHER TYPICAL MECHANISMS 


§ il. CLASSIFICATION OF MOTIONS IN MACHINE TOOLS 


Machine tools (this term is used throughout the book) are under- 
stood to be “metal-culting machine tools”. They consist of mecha- 
nisms designed to provide certain definite molions. The following 
motions are characteristic of machine tools: 1) main cutting mo- 
tion, 2) feed motion, and 3) auxiliary motions. 

Main Cutting Motion. The main cutting motion is rotary for 
automatic and semi-automatic lathes and is transmitted to a spindle 
which holds the work or, in some cases, a culling tool. Sometimes, 
for example, in cutting thread with a tap or die, both the work- 
piece and tool may rotate simultaneously. 

The cutting speed is determined from the formula 


_mdn,  3.14dn, 


=T000 = foo ™ Pet mis (1) 


in which d denotes the machining diameter, in mm; 
n, denotes the spindle speed, in rpm. 

This formula enables one to determine the cutting speed if the 
work or cutting tool of a given diameter is rotated at a selected 
speed. 

If the machining diameter d and the required cutting speed v 
are given, the same equation will enable the corresponding spindle 
speed to be determined. For this purpose, the preceding formula is 
converted to 


4,000” 
N= 347g rpm. (2) 


Cutting speed charts of the rectilinear type are often used to 
quickly determine the spindle speed for a given cutting speed. In 
the chart of Fig. 26, the diameters (d) to be machined, expressed 
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in mm. are arranged on the axis of abscissae. The cutting speed (v), 
in m per min, is arranged on the axis of ordinates. Each slanting 
line or “ray” represents a definite speed step, in rpm, of the spindle 
of the given inachine tool. To determine the required spindle speed 
(rpm) for a given cutting speed, we find the intersection of a verti- 
cal line drawn from the corresponding diameter and a_ horizontal 
Jine drawn from the required cuiting speed. The speed step (ray) 
which coincides with this point of intersection or the nearest lower 
spindle speed is usually taken as the required value. 
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= 
S 9 "Wo eo 120 160 200 240 280 320 360 400 440 
Machining diam d, mim 
Fig. 26. Rectilinear cutting speed chart for determining 


spindle speeds. 


Example: What spindle speed is required to machine a workpiece, 240 mm 
in diameter, at a cutting speed of 35 m per min (see Fig. 26)? 

A vertical line is drawn from the diameter d=240 mm and a horizontal 
line from the cutting speed v-==35 m per min. These two lines intersect on 
the speed step n.=46 rpm. 

A logarithmic chart of the type shown in Fig. 27 is often used 
instead of the rectilinear chart to determine spindle speeds. It is 
used in a similar manner. 

The higher the cutting speed that can be applied for a given oper- 
ation, the more workpieces may be produced per hour, i. ¢c., the 
larger the rate of production. 

The cutting speed depends chiefly on the material to be machined, 
on the material of the cutting tools, the depth of cut and the rate of 
heed, 

The application of culling speeds, higher than the recommended 
Values, will decrease the life of the cutting tools which will be 
subject to premature wear or failure. 

The feed motion (s) in lathes is the movement of the cutting 
lool in reference to the work. This motion may be rectilinear or 
curvilinear; it may be in a longitudinal direction (s,) or in a cross 
direction (s.). The larger the rate of feed, the thicker the chip cut 
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by the tool. For automatics and semi-aulomatics the feed ix usually 
expressed in imillimetres per revolution of the workpiece. turning, 
for example, with a feed of 1 mm per spindle revolution ticans that 
the carriage with the too! travels 1 mm ina direction parallel with 
the workpiece axis during the time that the workpiece makes one 
revolution. If thread has a pitch of 5 mm, then the toolculting the 
thread will travel 5 mm for each revolution of the screw heing cut. 
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Fig. 27. Logarithmic cutting speed chart for 


determining spindle specds. 
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The rate of feed expressed in mm per revolution is one of the 
factors of the chip cross-section which is the product of the depth 
of cut ¢ and the feed s. 

The rate of feed is selected to suit the machining allowance, pro- 
vided for the given operation, and the required accuracy and sur- 
face finish. Other conditions being equal, the rate of production will in- 
crease in direct proportion to an increase in the rate of feed. 

This may be illustrated by anexamplein which a shaft, 50 mm.in 
length (1), isto be turned ona semi-automatic at a feed of s;=0.1mm 
per spindle revolution. The number of spindle revolutions required 


to turn the shaft will equal n,_ aia 
] ° 
If we use a feed of ss=1mm per spindle revolution then the number 


=000 revolutions. 


: ‘ , ' l ~ ‘ 
of spindle revolutions required will be n, =—= 00 revolutions. 
2 
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In the second case, the work was turned in one-tenth of the time 
at the same cutting speed. 

Therefore, to decrease the machining time, it is desirable to in- 
crease both v and s within feasible limits. 

In automatic lathes with a hydraulic drive, the rate of feed is 
expressed in millimetres per minute (mm per min). [he feed per 
minute s, should be determined from the feed per spindle revolu- 
tion by the following formula: 


S,=SXit, IAM per min. (3) 


Example: What will the rate of feed per minute be if the workpiece and 
spindle rotate at a speed of x,==200 rpm and the feed s=0.2 mm per rev- 
olution? s,,=s xXn,=0.2200==40 mm per min. 


Auxiliary motions (operations) prepare the machine, workpiece 
and tool for carrying out the cutting process and check whether 
the movements have been properly made. Auxiliary motions include 
loading and clamping the blank, removing the finished work, clamp- 
ing and swivelling units on which the work or tools are mounted, 
rapid approach or withdrawal of units carrying the cutting tools, 
incasuring the workpiece and other operations. Auxiliary movements 
should be performed as fast as possible to cut the time required for 
(heir performance and, consequently, to increase the rate of pro- 
duction of machines and operators. It is desirable that auxiliary 
inovements coincide in time with each other or with cutting opera- 
lions to further increase the rate of production. 


§ 12. PRINCIPAL UNITS 


The operating cycle of automatic lathes, including both work- 
ing and auxiliary motions, is obtained by means of a drive and 
definite units and mechanisms. Though there are many different 
Lypes of automatics, their drives, units and mechanisms have much 
in common. This enables the most widely used of these units to be 
ecneralised and typical units, drives and other mechanisms to be 
selected for study to facilitate a more detailed further acquaintance 
with the various designs of automatics and semi-aiutomatics. 

ln addition to the drive, the principal units of single-spindle 
automatics and semi-automatics are the bed, headstock, stock feeding 
and chucking mechanisms, feed drive, cycle control units. toolslides, 
turret, tailstock, lubricating and coolant systems (see Fig. 4). 

The principal units of multiple-spindle horizontal automatic 
and semi-automatic lathes are the frame, right column with gear- 
box, headstock with spindle carrier, stock feeding and chucking 
mechanisms, feed drive, cycle control units, end and side tool- 

lndes, auxiliary attachments, lubricating and coolant systems (see 
ce 
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The principal units of vertical semi-automatics are the base, 
column, spindle carrier, clamping devices, feed drive, cycle control 
units, toolslides, auxiliary attachments, lubricating and coolant 
systems (see Figs. 6 and 12). 


§ 13. DRIVES AND POWER TRANSMISSION 


The workpiece and spindle rotate at a definite preset speed for 
any turning operation. 

A feed motion must be imparted to slides and attachment spin- 
dles, carrying the cutting tools, to obtain the cutting action. 

All power travel, for hoth working and handling movements, is 
obtained from the machine drive. 

A definite amount of work (energy) must be expended to impart 
the required working and handling movements, i. e., a definite amount 
of power is consumed. 

Just what do we mean by work and power? 

Mechanical work is the product of a force (P) by the distance 
(S) through which it acts in the direction of the force. The force is 
measured in kilogrammes (kg) and the distance in metres. There- 
fore the work A is measured in kilogramme-metres 


A=PS kg-m. (4) 


The unit of power is an amount of work equal to 75 kg-m accom- 
plished in one second. The power (V) may be expressed in either 
horse power (hp) or in kilowatts (kw) 


kilogramme-metres 
second 


one kilowatt=-1.37 hp and 41 hp--9,736 kw. 


one horse power == 70 


To rotate a shaft, spindle or other part (Fig. 28), it is necessary 
to apply a force Q to a gear or pulley mounted on the shaft. This 
force acts on the lever arm 2 which equals the radius 7 of the gear or 
pulley. The product of the force Q in kg by the lever arm 7 in m 
is called the torque: 


M=Ql=Qr kg-m. (5) 


Therefore, the torque is expressed in kilogramme-metres. 

The following equations are used to determine the power N which 
must be applied to rotate the shaft at a given speed n if it is loaded 
by the torque AT: 


Mn 
N= 779 bP .) 
or 
Mn s 
N = 975. kw. (7) 
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The drive of a machine tool consists of a source of energy (elec- 
iric motor) and devices for transmitting power from the motor 
io the operative elements (spindies, slides, etc.). In machine tools 
molion and power are transmitted from the drive motor to the various 
units through belts, chains and toothed gearing which are called 
transmissions. They transmit rotation from one shaft to another or 
convert rotary motion into reciprocating motion. Shafts run in bear- 
ings which may be either plain bearings (Fig. 28) or antifriction 
bearings (Fig. 29). Special requirements are made to the spindle, its 
drive and bearings since their precise and proper adjustment will 
affect the operation and even the production capacity of the machine. 
Shafts and spindles are more frequently mounted in antifriction 
bearings since their friction losses are less than in plain bearings. 

The friction surfaces in bearings must be lubricated to provide for 
quiet and reliable operation of spindles, shafts and transmissions. 

The chief elements of transmissions are pulleys with belts, sprock- 
els with chains, toothed gearing, screws and nuts and others. 

Wydraulic drives, whose elements will be described in detail in 
Chapter III, are widely employed in the latest models of automatic 
lathes. 


§ 14. BELT DRIVES 
Round, flat, and V-belts are used in machine tool drives. The 
directions of rotation of the pulleys mounted on the driving and 


driven shafts coincide for open belts (Fig. 30 a and b) and are oppo- 
site for crossed belts (Fig. 30 c). Tie speed of the shaft, on which the 


Belt cross-section » 
Round ite = belt ao 


Belt tension ing 


Lriving 


mites Driving cy 


pulley 


Fig. 80. Belt drives. 


a and _b-—open belts, c—crossed belt. 


maller pulley is rigidly mounted, is higher than that of the shaft 
on which the larger pulley is rigidly mounted. To increase the speed 
of the driven shaft, rotation should be transmitted from a pulley of 
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larger diameter to one of a smaller diameter. On the contrary, tf 
the speed of the driven shaft is to be decreased, its pulley should 
be of a larger diameter than that of the driving pulley. 

The speed of the driven shaftn,, is determined from the formula 


Dg 
Nan = pe X May "PID (8) 


in which ny, denotes the speed of the driving shaft in rpm. 
D4, and D,, denote the diameters of the driven and 
driving pulleys, respectively, in mm. 


ae i ae wont . 
The ratio De is called the transmission ratio and is denoted by 
11 


the letter i, therefore: 


Dar 
Dan 


= 1 and ny,==tng, rpm. (9) 


§ 15. CHAIN DRIVES 


Roller chain (Fig. 31a) and silent chain (Fig. 31) are employed in 
machine tool drives. The directions of the driving and driven sprock- 
ets coincide as in open belt drives. To determine the speed of the 
driven shaft n,,, the speed of the driving shaftn,, is multiplied by 
the ratio of the number of teeth on the driving sprocket Z,, to the 
number of teeth on the driven sprocket Z,,,: 


4 dp 
Ran 7 Mar rpm. (10) 


“an 


ar i : 1, . os . ; ; 
Vhe ratio ze =i is called the transmission ratio of the chain 
drive and therefore: 


Nagy ==lNgp TPM. (11) 


§ 16. TOOTHED GEARING 


Toothed gearing (Fig. 32) serves for transmitting motion between 
parallel, intersecting, and crossed shafts. Spur, parallel helical or 
herringbone gears are used to transmit rotation between parallel 
shafts (Fig. 32 a, b and c). Straight or spiral bevel gears are used 
between intersecting shafts (Fig. 32 e). For crossed shafts, worm 
gearing is used (Fig. 32 f) or crossed helical gears. 

Rotary motion is converted into reciprocating motion or vice 
versa by means of a pinion and rack (Fig. 32g) or by other mech- 
anisms which will be described further on. 
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b — silent chain. 


The same formulas as for chain drives are used for determining 
the speed of a driven gear: 


Lap AC 
Nan=7— Nap TPM. |; (12) 
‘dn 
Ze ae 
ft aaa | 
4 dn 
i ees ) 
Rayrallg, TPM. (13) 


The ratio oe is called the gearing ratio. 
Zan 
ln external spur and helical gearing, the driving and driven shafts 
rotate in opposite directions (Fig. 33 a). 
Il two shafts are to rotate in the same direction, then an inter- 
mediate or idler gear (Fig. 33 6) is arranged between the gears on the 
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Fig. 32. Toothed gearing. 


ma — spur gears, 6—parallel helical gears, c—herringbone gear, 
d —external and internal gears, e — straight bevel gears, f — worm and 
wheel, g — rack and pinion. 


shafis or external and internal, spur or helical gears are used (Fig. 
32 dd). 

the direction of rotation of bevel gears depends on their loca- 
lion. In Fig. 33 c, two bevel gears are mounted freely on the shaft. 
They mesh with a large bevel gear; the left-hand gear rotates in one 
direction and the right-hand gear, in the opposite direction. This 
feature is used to impart rotation alternately in either direction to 
a shaft by engaging the clutch to the corresponding gear. 

‘Trains of gears are employed in gear boxes (Fig. 33 d). The speed 
of the last or fourth shaft (m1y) of the gear box (Fig. 33 d) may be 
determined; after determining the speeds of all the intermediate 
shafts, according to formulas (12) and (13): 


Z ‘ 
ny= zoMy rpm; Ayy=lyny rpm, 


in which 


N 


43 3 é wae ; 
Nit = Zi rpm, Myyp—lyrriy rpm, 
“43 


in which 


ee 
ly =F 3 
IT 1 
7 
MY 7 rpm, ¢iy—lyry Nyy rpm, 


in which 
=. Gs 
WIE Ze. 
lu avoid such lengthy computations, the speeds of the interme- 
diate shafts are introduced into the formula for calculating the 
speed of the last shaft: 
Z J 


=xsx<ny rpm. 
on’ 6 


4 Vy 


~2 
nyv=lyXly Xl Xx ny rpm. 


Worm gearing is usually employed to sharply reduce the speed 
of the driven shaft on which the worm wheel is mounted since the 
rearing ratio i is very small. The direction of rotation of the worm 
wheel depends on the direction of rotation and the hand of the 


worm. ‘Phe speed of the driven shatf is determined from the for- 
battle: 


a 
Nan =7Z7 “Nar rpm, (14) 


a s 
rn Which a denotes the number of threads or starts on the worm. 
Z denotes the number of teeth on the worm wheel. 
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Fig. 83. Systems of toothed gearing. 


a—spur or helical gearing, b—spur or helical gearing with intermediate gear,”c—bevel gear- 
ing (reversing device), d—speed gearbox diagram, e—section!of speed ‘gearbox. 


§ 17. MECHANISMS FOR CONVERTING ROTARY MOTION 
INTO RECTILINEAR RECIPROCATING MOTION 


The following mechanisms are used in machine tools to convert 
rolary motion into rectilinear motion: rack and pinion, rack and worm, 


screw and nut, cam and_ follower, 
slider-crank, and crank and slotted 
rocker arm. 

If the pinion of Fig. 34 a is rotated 
on a stationary shaft, the rack will 
lravel in a straight line. On the other 
hand, reciprocation of the rack, as the 
driving element, will rotate the pinion 
which will then be the driven element. 

Upon one revolution of the pinion, 
(he rack travels through as many teeth 
ix there are on the pinion. The follow- 
ing relationship exists between the 
travel WS of the rack and the rotation 
of the pinion: 


S=tZn mm per min, (16) 


in which ¢ denotes the pitch of the 
rack leeth, in mm; 
Z denotes the number of 
teeth on the pinion; 
n is the speed of the pinion, 
in rpm. 
Since the module of a gear equals 
(he circular pitch divided by m=3.14: 


m= mm (17) 


formula (16) may be transformed into 
S--amZn mm per min. (18) 


The travel of the rack in Fig. 34 b 
upon rotation of the worm is compu- 
toi from the formula 


‘--tna mm per min, (19) 


in which @ denotes the number of 
threads or starts on the worm. 


a ies a ie = = 
x - gf eran Slider 
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F ig. 34. Mechanisms for conver- 
ting rotary motion into recti- 
linear motion. 


a —rack and pinion, b — rack and 

worm, c — screw and nut, d — slider 

and crank, e—crank and _ slotted 
rocker arm. 


votation of a screw, fixed in an axial direction, will cause a nut, 
held against rotation, to travel in a straight line along the screw. 
I! on the opposite, the nut is fixed axially and rotated, the screw 
will travel axially when it is held against rotation. 


al 


The following equation will enable the travel of the screw or nut 
to be determined (depending upon which element is rotated and 
which travels axially): 


S=tn mm per min, (20) 


in which ¢ denotes the thread lead in mm; 
n denotes the speed of the screw or nut in rpm. 
The number of full strokes per minute of the slider-crank mecha- 
nism (Fig. 34 d) equals the speed in rpm of the driving crank while 
the slider travel is calculated from the following formula: 


S=2r mm, (21) 


in which 7 denotes the radius of the crank, in mm. 
The travel of the ram in a crank and slotted rocker arm mecha- 
nism (Fig. 34 e) is determined from the formula: 


S=2 27mm, (22) 


in which r denotes the crank radius, in mm; 
/, denotes the rocker arm length, in mm; 
A denotes the distance from the rocker arm pivot to the 
crank centre, in mm. 
Rectilinear reciprocating motion may also be obtained by various 
hydraulic and electric devices which will be taken up in detail 
further on. 


§ 18. CAM MECHANISMS 


Plate (disc) and cylinder (barrel) cams (Figs. 35 and 36) are 
widely employed to obtain working and auxiliary motions in auto- 
matics and semi-automatics. 

Cam mechanisms consist of a cam and a follower. To obtain mo- 
tion in the required direction and of the required magnitude it is 
often necessary to arrange intermediate links, chiefly levers, be- 
tween the cam follower and the final member. 

As is evident from Fig. 35, upon rotation of a plate cam, the 
follower, or the final member, travels up and down (a), swings about 
a pivot (0), travels vertically (c) or horizontally (d). Plate cams 
may be expediently employed for motions square with the cam axis. 

The curved edge of a plate cam has its points located at various 
distances from the centre of rotation and, therefore, the follower 
will move when the cam is rotated. 

Cylinder cams (Fig. 36) are drums having helical slots or cam 
members. If the cylinder is rotated the follower or the final member 
will travel horizontally or vertically. Cylinder cams are usually 
employed to obtain motions parallel with the cam drum azis. 


a2 


Fig. 35. Plate cam-actuated movements. 


a and b— vertical movement of follower, c-— reciproca- 
tion of final member, d—horizontal movement of final 
member, e — operative units actuated by plate cams. 
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Fig. 36. Cylinder cam-actuated movements. 


a and b — horizontal movement of final member,c and d — vertical 
movement of final member, e — most widely used types of cylin- 
der cams. 


Cams may be either single- or two-edged (Figs. 35 e and 36 e). 
Two-edged cams have acurvilinear groove which accommodates the 
follower roller. Such positive-motion cams provide for positive 
follower travel in both directions. Single-edge cams actuate the 
follower in one direction only and depend on some external force 
produced by a spring or weight to return the follower to its starting 
point. 

Plate cams are of one-piece design and are used for compara- 
tively short travel or strokes. 

Cylinder cams for short travel usually comprise a continuous 
groove milled in a cylindrical drum. For longer travel, cam plates 
or members are attached by screws to the drum. The magnitude, 
direction and speed of travel of the operative element (or follow- 
er) may be varied by imparting a particular form to the cam edges. 

All units of an automatic machine tool must make strictly pre- 
scribed motions in a definite sequence for each operating cycle. Such 
a cyclic sequence of motions may be provided by cam mechanisms. 
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The form, type, and design of cams are selected not only in ac- 
cordance with the magnitude, direction and speed of motion re- 
quired but also with due consideration for the given forces, torques 
and required duration of the motions. 

In the design of cams, such factors are to be considered as the 
permissible size of the cam, the feasibility of its manufacture to the 
required accuracy, and the necessity of changing or adjusting cams 
for new setups. 

The simplest cam mechanisms are those in which motion is trans- 
mitted directly to the operative units of the machine (Fig. 37 a). 

Since it is not always possible to actuate the operative units of 
automatics and semi-automatics directly from cam mechanisms, 
intermediate links, chiefly lever systems, are used (Fig. 37 )b). 

The devices transmitting motion from the cams to the operative 
units of machine tools must be sufficiently accurate and rigid. 
Sometimes these devices must provide for the possibility of vary- 
ing the transmission ratio in a definite range (usually from 1: 3 to 
3:14) between the travel of the operative unit and the stroke provid- 
ed by the cam mechanism. 

[f levers are not used for setting up by changing their arm lengths, 
(hen it is desirable to maintain a transmission ratio of i=1. If 
(lhe ratio is more than unity, then the travel of the operative unit 
will exceed the rise of the cam but the accuracy of movement will 
le reduced. If, on the opposite, the arm lengths provide for a ratio 
less than unity, the travel of the operative unit will be less than 
the rise of the cam but errors in the form of the cam will have a less- 
croffect on the accuracy of movement of the operative unit. 


rrant slide 


Rear side 


Fig. 87. Examples of cam mechanisms in automatics. 


lrout and rear toolslides arranged on a rocker arm, b—vertical toolslides actuated from 
plate cams through lever systems. 
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The toolslides shown in Fig. 37 6 are actuated from cams through 
adjustable lever systems. This design enables the travel of the 
slides to be set up to suit the workpiece without changing the 
cams. 

The accuracy with which motion is transmitted and, consequent- 
ly, the accuracy of motion of the operative units, depends on the 
accuracy with which the cam form has been manufactured and the 
cam has been installed. If the cam does not have a smooth working 
surface, the motion of the slide it actuates will not be uniform and 
the surface machined on the work will have a poor finish. For this 
reason, the working edges of cams must be carefully machined to 
a high finish. Cams are made by first laying out the required out- 
line, removing extra metal by drilling a series of holes near the out- 
line and breaking off the extra parts or by sawing out or gas-cutting 
the required form. The outline is then finish machined on a univer- 
sal or special milling machine. 

If highly accurate cams are required, the milled edge is filed 
and roughly lapped. Finish lapping is done after heat treat- 
ment. The outline of precise cams should be checked with 
special fixtures which measure the outline at each angular point of 
their rotation. 

Accurately ground mounting holes and rigid fastening are re- 
quired for precise installation of cams. 

Cams and especially dogs are also used on automatics and 
semi-automatics for tripping various devices fand for stopping 
various units or elements. In this case, their design does not 
depend on the workpiece. 


§ 19. CAMSHAFTS 


The camshaft of a machine carries cams which trip various con- 
trol units during rotation of the camshaft and actuate the required 
movements of each unit during the operating cycle. These cans 
provide for the complete cycle of working and auxiliary motions 
of the machine. In some cases, the camshaft consists of several sep- 
arate branches (Fig. 38) to provide more convenience in actualing 
the various units. 

The cams mounted on a camshaft are usually designed so that 
one revolution of the camshaft provides for one complete cycle and, 
consequently, the time required for one revolution of the cam- 
shaft is the time required to produce one workpiece. This time is 
called the cycle time (T,) of the machine. 

To calculate the number of workpieces produced per minute, 
hour, or shift it is sufficient to know the number of revolutions 
the camshaft makes in this period of time or the cycle time in sec- 
onds. Then the rate of production Q, per minute or hour may be 
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Fig. 38. Camshaft with cam mechanisms. 


delermined from the formulas: 


C= > pes per min, (23) 
: Cc 

Q = “ pes per hr. (24) 
Cc 


If several workpieces are finished in a single cycle of an auto- 
inalic, the number produced in a given period of time may be deter- 
mined by multiplying the results obtained in formula (23) or (24) 
by the number of workpieces (p) finished in one cycle, i. e., 


On=Pa— pes per min, (25) 
c 

, 3,600 | 

Qin ae ae pes per hr. (26) 


The workpiece is loaded, clamped and removed and the opera- 
lion cycle is started manually on semi-automatic lathes. For mul- 
liple-spindle semi-automatics, these manual opcrations often 
coincide in time with the machining operations simultaneously per- 
formed in the other spindles. If, however, these times do not coin- 
cide, the time required to produce one workpiece will be the sum 
of the cycle time plus the time required for the manual operations 
which are not covered by the working cycle. 

Since various work may be produced on general-purpose auto- 
ialics and semi-automatics, the machine time will vary. ‘there- 
fore, a setting-up element must be included in the camshaft drive 
which will enable the required camshaft speed to be obtained so as 
fu suit the production cycle time. 
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§ 20. MECHANISMS FOR PERIODIC (INTERMITTENT) ROTATION 


Periodic rotation mechanisms include a stop with pins (Fig. 39 a), 
ratchet devices combined with crank or cam mechanisms (Fig. 39 b 
and c) and Geneva mechanisms (Fig. 40). 

A driven shaft may be periodically indexed through a definite 
angle by means of a Geneva mechanism. Upon rotation of the revolv- 
ing arm, the roller enters the slots of the Geneva wheel, one after 
another, and indexes the wheel each time through an angle equal 
to the angle between adjacent slots. 


Paw!/ Ratchet wheel 


Fig. 89. Mechanisms for periodic rotation. 
a — stop with pins, band c — ratchet devices combined 
with cai mechanisms. 


Therefore, if it is necessary to index the driven shaft periodi- 
cally through 1/4 revolution, i. e., 90°, the Geneva wheel must have 
four slots (Fig. 40 a). For six slots, the driven shaft is indexed 
through 1/6 revolution, i. e., 60°, etc. 

If intermediate gearing is arranged between the Geneva wheel 
and the unit which is to be periodically indexed, the angle of rota- 
tion of the camshaft may be increased or decreased in relation to 
that of the Geneva wheel shaft (Fig. 40 b). This design is more ex- 
pedient in most cases. 

For example, a four-slot Geneva wheel will be indexed 90° each 


time but if spur gearing with a ratio i=s (Fig. 40 b) is arranged 
between the wheel and the subsequent shaft, the angle through 
which the second shaft is indexed will be 90°x2=120°. If i:= 


1 


=F the last shaft will be indexed through 120° x 5-=60°. 
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Fig. 40. Geneva mechanisms. 
a—direct action, b—through intermediate gearing. 


§ 21. LOCKING 


Locking devices are employed if a unit is to be preciseiy posi- 
tioned after indexing and is to maintain this position during the next 


period of operation. 


As a rule, the locking device (locking pin) has one inclined and 
one straight locating face (Fig. 41). Under the action of a spring, 
the locking pin enters its slot and begins to rotate the unit to le 
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Fig. 41. Forces acting on a locking 


pin. 
S -—- actual force exerted to seat the locking 
pin, 2 — tangential force overcome by pin, 


Q@ — force acting normally to inclined sur- 

face of unit being locked, 7 — component of 

normally-acting force directed along axis of 

locking pin, R,; and R.— reactive forces in 

guiding surfaces of locking pin, Fy, ,, and 
F’,— friction forces. 


locked (turret, spindle carrier, or 
table). 

This rotation ends when the 
straight locating face of the lock- 
ing pin seats tightly on the 
straight face of the slot. The 
forces acting on the locking pin 
are shown schematically in 
Fig. 41. 

A spindle carrier may be locked 
with one locking pin in a single- 
locking system (Fig. 42) or with 
two locking pins in a double- 
locking system (Fig. 43). 

In the action of a double-lock- 
ing system, one locking lever 


serves aS a positive stop and 
has a straight locating face. The second locking lever has an in- 
clined face which turns the unit being locked to seat against the first 
locking lever. When the unit is released from the action of the 
locking devices, the second lever is positively withdrawn froin its 
slot while the first is pushed out by the unit itself. 

Double-locking ensures a more precise and stable position of 
a spindle carrier and is applied in all the latest models of Soviet 
automatics. 

The newest models of semi-automatic turret lathes and multiple- 
spindle automatics have special devices for clamping indexed 
units such as turrets, spindle carriers and tables. 

The unit is clamped after the locking pin establishes the precise 
angular position. The clamping device may be designed as a yoke 
or shoe which forces the rotating member against the locating sur- 
face of the base. 

The spindle carrier of multiple-spindle automatics and semi- 
automatics is automatically lifted slightly above its locating sur- 
faces, after withdrawing the locking pin, to eliminate wear and 
to maintain the initial precision of the carrier. 
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Fig. 43. Double-locking system for a spindle carrier. 
a — design, b — principle of operation. 


§ 22. ENGAGING AND DISENGAGING MECHANISMS 


The principal types of mechanisms for engagement and disen- 
vagement are couplings for permanently joining two shafts and 
clutches for temporarily connecting a rotating element to a driving 
member (for example, a gear to a shaft). Clutches serve for disen- 
vagement and are further classified as jaw and friction clutches. 

Jaw clutches consist of two members having teeth or jaws on 
their end surfaces. One member is rigidly linked to one element 
and the other clutch member slides along a key or splines of a 
<econd transmission element. The second member may be shifted 
axially until the jaws (teeth) of the two members engage each 
other. 

Jaw clutches may be used for engaging running shafts if the differ- 
ence in speeds between the driving and driven shafts is not exces- 
sive (not over 200 rpm). 

Jaw clutches which engage shafts for only a part of a revolu- 
(ion or for one complete revolution are called automatic single-revo- 
lution clutches. The most widely used design of this type of clutch 
is illustrated in Fig. 44. It operates in the following manner: gear / 
ix to be rotated one revolution by the rotating shaft 4 and is then 
to be automatically disengaged. Long jaws are provided on the end 
of gear J and clutch member 2 so that they will not disengage when 
member 2 is shifted to engage the jaws, on the right end of this 
member, with the jaws of disc 3, linked rigidly with shaft 4. In 
the disengaged position, clutch member 2 is retained by the lock 
pin 9. If the lock pin 9 is withdrawn from its slot, the spring will 
force the clutch member to the right and into engagement with disc 
3. This causes the gear to start rotating. The lock pin 9 will slide 
along the external surface of clutch member 2 until it drops into 
recess AB. This recess has a beveled surface which forces the clutch 
member, upon further rotation, toward the left to disengage the gear 
from the rotating disc 3. The lock pins 5 and 9 are backed by the 
springs 7 and &. The single-revolution clutch is controlled from a 
cam mechanism of the camshaft through a lever system. 

Friction clutches (Fig. 45 a and 6b, see also Fig. 29). Their opera- 
lion is based on forcing the two clutch members together so that 
a friction torque is developed between the contacting surfaces. This 
(orque will cause the driven member to rotate when the driving 
member is rotated. 

I'riction clutches are classified as cone (Fig. 29) and disc types 
(lie. 45). As their name implies, in cone clutches the friction sur- 
faces are conical in form. 

ln disc clutches, a part of the flat discs are secured in a housing 
mounted on one shaft. The rest of the discs, located alternately so 
(hat each disc is between two of the first discs, are secured to a sec- 
ond shaft. Tf an axial force is applied to all the discs, the pressure 
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letween them will develop a friction torque which will rotate the 
driven shaft. 

The more discs provided and the larger their diameter, the larger 
the friction torque developed and the higher the power that may be 
transmitied, all other conditions being equal. 
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Fig. 44. Single-revolution clutch, 


7 — gear with jaws on end face, 2 —- left-hand member of jaw 
cluteh, 3 — right-hand member of jaw clutch, 4 — shaft, 5 — lock 
pin on lever 6, 7 and & — springs, 9 — lock pin on lever 10. 


Friction clutches are often used in cases when it is necessary to 
engage or disengage the driven shaft, to change its speed or its direc- 
tion of rotation without stopping the driving shaft. 

Let us consider two shafts, driving and driven. The driven shaft 
is to be rotated at two different speeds and is to be switched from 
one speed to the other without stopping the driving shaft. For 
this purpose, two gears are rigidly mounted on the driving shaft 
which mesh with two gears mounted freely on the driven shaft. 
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The gearing ratio of each pair of meshing gears is selected to give 
the required two speeds to the driven shaft. Each of the freely mount- 
ed gears may be engaged to the driven shaft by a friction clutch. 
When the clutch is disengaged, the driven shaft will not rotate. 
If the friction clutch, linked rigidly 
to the driven shaft, is shified to the 
left to engage the left-hand gear, the 
driven shaft will rotate at ene of its 
speeds, if the clutch is shifted to the 
right to engage the right-hand gear, 
the driven shaft will rotate at a 
different speed. 

A sectional view of a friction clutch 
is shown in Fig. 45 c. 

Friction clutches are often applied 
for automatic engagement and disen- 
gagement of driven ciements (see 


Fig. 29). 
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Fig. 46. Overrunning clutch An electromagnetic multiple-dise 
and its principle of operation. friction clutch (Fig. 4) b) operates on 
J — inner smember, 2—shell, $— the following principle: when the 
rollers, f— pins, 3§6— = springs, et aa . cs Se 

6 -— shalt. winding is connected to # £2 ov 24 V 


power supply, a magnetic Hux is creat- 

ed which passes through the steel discs and the armature and forces 

the friction discs together to link together the driving and driven 
elements of the transmission. 

Overrunning or free wheeling clutches (Vig. 46) are widely employed 

in automatics and semi-aulomatics to transmit slow worktng 
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Fig. 47. Brakes. 


a—band brake, b—shoe brake operated by a solenviil. 
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rotation and rapid auxiliary (idle) rotation to a shaft (working feed 
and rapid traverse movements). If the inner member / is rotated 
rapidly in a counter-clockwise direction, the rollers 3 will not jam. 
This will disengage all linkage between the slowly rotating shell 2 
and shaft 6 which will rotate rapidly. If, then, the rotation of the 
inner member 7 is switched off, the rollers will roll to the narrow 
end of their recesses and jam so that shell 2 will drive shaft 6. 

Certain designs of overrunning clutches allow rotation in either 
direction. 

Brakes (Fig. 47) are used for stopping a disengaged element of 
the drive. The action of a brake is based on application of a fric- 
(ional force to a rotating element. This will create a friction torque 
which will rapidly reduce the speed and finally stop the driven 
shaft. 

Electric and hydraulic devices are extensively employed, in 
addition to clutches, for engagement, disengagement, and braking. 


§ 23. SPEED-CHANGING ELEMENTS 


Automatic and semi-automatic lathes are designed for machin- 
ing a great variety of parts and, therefore, speed-changing facili- 
lies are necessary elements of their drives. 

Speed changes of rotating or reciprocating components may be 
made when setting up the machine, i. e., when the machine is not 
in operation. It is offen necessary to change speeds or feeds during 
‘he time the work is being machined, i. e., within the operating 
evele, 

Change gears and sliding gears. Speeds are manually changed 
ii -elling up a machine tool, in some cases, by engaging and disen- 
sootne clutches and brakes. 

li setting up a machine tool, the required speeds may be obtained 
ly installing the proper change gears (Fig. 48 a), by manually 
witching over a clutch which engages freely mounted gears to the 
dviving or driven shafts (Fig. 48 6) or by shifting sliding gears 
(lie. 48 c). In the selection of change gears mounted on two shafts, 
Mic out of the numbers of teeth on the various pairs of gears (of the 

vie module) must remain constant. 


Ivample: If the sum of the numbers of teeth of change gears is 80 then 
Il following combinations may be used: 


Number { driving gear 20 21 22 23 ...... 60 
of teeth | driven gear 60 595857 ...... 20 
Total number of teeth 80 80 80 80...... 80 


Ile gearing ratio of change gears is usually not over 2:1 and 
not tess than 4:4. 
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Change gears are usually mounted on the outer overhanging 
ends of shafts. For this reason they can be removed and a new pair 
installed with a minimum time loss, usually not over 1 to 2 min. 
Change gears must be secured reliably on their shafts so that there 
is no danger of them slipping off in operation. They may be changed 
only after switching off the drive of the machine tool. 

Sliding gears may be shifted only with the rotation of the driv- 
ing shaft switched off or disengaged. If a double-cluster gear (Fig. 
48 c) is shifted so that one of the gear rims of the cluster gear meshes 
with one of the gears on the second shaft, one of the two available 
speeds of the driven shaft may be obtained. 
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Pig. 48. Speed changing devices. 
ae With change-ge ars, 0b With clufches eueasing gears, « -- with 
Sliding gears. 


Shaft rotation may also be reversed by means of clutches and 
sliding gears. Friction clutches are most frequently employed for 
automatic speed adjustment during the operating cycle. 

Infinitely variable frictional speed-changing drives of various 
designs (Fig. 49) are used in machine tool engineering. They are 
based on the following principle: the driven link contacts the driv- 
ing link either directly or through some intermediate element 
(roller, disc, ring, or belt). The driven and driving elements are held 
tightly together and the frictional force developed will cause one 
element to rotate when the other is rotated. If the diameter of con- 
tact on both the driving and driven elements or on at least one of 
them can be varied, then the transmission ratio of the drive will 
vary accordingly. 

Fig. 49 a and b illustrates infinitely variable frictional speed~ 
changing drives having two cones and an intermediate element. 
The speed of the driven shaft may be varied (with the driving shaft 
rotating at constant speed) by shifting the roller or ring along the 
cones. This adjustment may be made within the limits of variation 
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of the radii on the driving (dr) and driven (dn) elements: 
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lnfinitely variable speed-changing devices with two perpen- 
dicular shafts are shown in Fig. 49 c and d. Disc 7 with a radius of 
r, is mounted on the driving shaft. This disc may be set at dillerent 
axial positions on its shaft contacting disc 2 of the driven shaft at 


varlous points (72 is variable). Speed adjustment may be made in 
(he limits from 
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An infinitely variable speed-changing device with spherically- 

‘haped discs is applied in the kinematic diagram shown in Fig. 50. 
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Friction rollers, arranged between the spherically-shaped discs 
on the driving and driven shafts may be inclined in different posi- 
tions. This will change the radii of contact between the roller and 
the driving and driven discs as shown at the top of Fig. 00. 
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Fig. 50. Infinitely variable frictional speed-changing drive. 


CHAPTER III 
ELECTRIC AND HYDRAULIC DRIVES 


§ 24. ELECTRIC DRIVES AND ELECTRIC MOTORS 


The trend in the development of machine tool drives has been 
toward more complete motorisation. The electric drives of machine 
tools comprise one or several drive motors and devices for their 
control (starting, interlocking and signalling devices). 
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Soviet automatics and semi-automatics have separate (individ- 
ual) motors for the main drive, working and rapid traverse of the 
principal units. 

Previously, spindle speeds and rates of feed were changed only 
by changing the transmission ratio of the gear train. At the present 
time, speeds and feeds are often varied by electrical methods. Up- 
to-date electric motors can easily be reversed or braked. 

In Soviet machine tools, elecirical devices are extensively 
employed for clamping the work, for providing protective and safety 
devices, for control, checking, signalling and work lighting. 

The importance of electricity in the automation of machine tool 
operation and in checking the operating cycle is of special note. 

The motorisation of machine tools and an ever wider use of elec- 
tric controls will continue to be one of the principal factors in their 
improvement, in increasing the rate of production and reliability 
of machine tools and in reducing operator fatigue. 

Electric motors are characterised by their rated power in horse 
power (hp) or kilowatts (kw), their rated shaft speed (rpm), torque 
developed by the motor during starting (starting torque), type 
of power supply current, its normal voltage and its frequency in 
cycles per second. An index plate containing this data is provided 
on each motor. 

Three-phase squirrel cage motors for a power supply of 220/380 
or dVO V, 50 cps are most frequently employed in machine tools. 

Such motors have a flat characteristic, i. e., their speed falls 
only slightly with an increase of load. Threc-phase electric motors 
have speeds in rpm near to the following series: 3,000, 1,900, 1,000, 
7o0. 600 and 9500. 

Ordinary three-phase electric motors have only one shaft speed. 
‘Their direction of rotation may be readily changed (either clock- 
wise or counter-clockwise). Two-, three-, and four-speed three- 
phase motors have two, three, or four speeds which may be 
switched over either manually or automatically. 

Shunt-wound direct current motors also have a flat characteris- 
tic. Lhe speeds of these motors are usually infinitely variable in a 
<peed range ratio of 3 or 4, i.e., the ratio of the maximum to the mini- 
mum speed will be 3 or 4. 

The main advantage of shunt-wound direct current motors is 
thal their speeds are infinitely variable (practically with a very 
small difference—4 to 5 per cent—between adjacent steps). 

lectric motors permit momentary overloads up to 1.5 or 2 times 
the rated values. This feature is used in starting a motor since 
a considerable overload is experienced at this time. If the design 
of the machine tool requires the drive motor to be switched on and 
off frequently, it will be necessary to check whether the motor per- 
inits the required switching frequency per minute or per hour. 
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§ 25. ELECTRIC CONTROL DEVICES 


Electric control devices are classified as manually-operated and 
automatic. 

Manually-operated electric control devices include knife switches, 
rotary switches, drum switches, magnetic starters with push-button 
controls, and push-button stations. 

Knife switches serve as main line switches for connecting the 
electric circuit of the machine tool to the power supply. They may 
be of the single-, two-, and three-pole types and are applied for low 
switching frequencies. These switches are available in casings to 
safeguard the operator against electric shocks. 


Fig. 51. Yhree-pole rotary switch. 


At the present time, knife switches have been replaced to a great 
extent by more efficient devices: rotary switches for low power 
requirements (Fig. 54) and special starters for high power values. 

Drum switches (Fig. 52 a) are chiefly used for controlling mul- 
tiple-speed motors. 

Magnetic starters with push-button controls (Fig. 52 6) are the 
most convenient and widely used devices for the contro! of three- 
phase electric motors. 

Push-button stations are located on machine tools within easy 
reach of the operator. The push-buttons (Fig. 52 c) may have vari- 
ous purposes. A single station may accommodate “Start”, “Stop”, 
“Forward”, “Reverse”, and other push-buttons. 

Automatic electric control devices include magnetic starters, 
limit switches, rotary master switches, electromagnets, and vari- 
ous types of relays. 

Limit switches (Fig. 53) will automatically switch on, reverse, 
or switch off the movements of various units of a machine tool. 
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lravelling components may depress the spindle of the limit switch 
lo open certain contacts and to close other contacts. 

ltotary master switches serve to control an automatic sequence 
of movements in machine tools. Drum-type master switches are 
imilar in design to drum switches shown in Fig. 52 a. 

I‘lectromagnets (solenoids) (Fig. 54) are used mainly for actuat- 
ing control devices of a machine tool if the corresponding electric 
circuit is closed with a limit switch or other device. When a soleno- 
il is switched on its electromagnet is energised and pulls in the core. 
If this core is linked to a mechanical, hydraulic or electric control 
device, the latter will be actuated and the required action will be 
automatically performed. 

Relays serve for switching other devices on or off when a limit 
switch is tripped, when the voltage or current changes in a circuit 
ind even upon changes in pressure in a hydraulic system or upon tem- 
perature changes. Certain relays count off a definite period of time 
and then switch some other device on or off as required. 

Relays are usually classified as protective and control types. 

Protective relays are employed as means of protection, i. ¢., they 
(rip automatically to protect the electrical system against break- 
downs due to abnormal conditions. 

(Control relays switch various motions of the machine tool on or 
olf as prescribed by the operaling cycle. 

Thermal and maximum current relays protect electric motors 
against dangerous overloads. 


§ 26. ELECTRIC TRACER-CONTROL UNITS 


Mleetric tracer-control units are employed on automatic and 
scmi- automatic lathes to reproduce a given contour on a workpiece. 
The main element of a tracing system is the tracer which may be a 
sensilive finger (stylus) or a beam of light (in electronic systems). 
The stylus follows the profile of a two-dimensional template or 
the contour of a three-dimensional model, or the light beam _ fol- 
lows the outline of a drawing or flat template and regulates the 
movements of a cutting tool clamped on a slide so that the form 
being traced will be reproduced or duplicated on the work being 
machined. 

‘The electrical tracer head shown in Fig. 55 b may be employed 
lor following the profile of a template. The stylus Z is located in 
the body 2 on a ball joint. The form of the template followed by the 
lracer may deflect the stylus downward or to any side about the cen- 
tre of the joint. The lower end of the rod 3 enters a recess in the slide 
block 4 and deflects the lever 6. Due to the action of spring 9, ini- 
tially rod 3 is held in its upper position with the contacts 7 closed. 
l’ressure of rod 3 on lever 6 will open contacts 7 and close contacts 8. 
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Fig. 55. Electromechanical tracer-controlled slide drive. 


« — line diagram: 1—cross feed drive motor, 2 — speed gearbox,‘ 3 — gearing for 
slide feed away from work, 4 — gearing for slide feed toward work, 5;— cross feed: 
screw, 6 — toolslide, 7-— workpiece, §8& — tracer head, 9 — template, J¢ —, bracket. 
mounted on the toolslide, 11 — “Forward” electromagnetic relay, 12 — generator for 
supply of amplifying devices, 13 — “Reverse” electromagnetic relay, 14 — longitudinal 
feed drive motor, 15 — speed gearbox, 16 — coupling and lead screw, 77 — contacts 
“Slide-Forward’, 18 — contacts “Slide-heverse’, RF —relay "Forward", RR — relay 
*Reverse’, RL —relay “Longitudinal Feed’; b — diagram of tracer head: 1 — stylus, 
2—body, 38—rod, ¢—slide block, 5— spring, 6— lever, 7, 8, and 9 — contacts. 


An excessively large deflection of rod 3 and lever 6 will open contacts 
9 which will switch off all movements of the machine. In this manner. 
the tracer head transmits work signais to the slide travel drive in 
accordance with a short section of the template prolile. 

The principle of operation of an electrically-controlled tracer 
system for a lathe is illustrated in the line diagram (Fig. 55 a). Here 
the workpiece 7 is to be contoured to the profile of the template 9. 
Longitudinal feed of the carriage is obtained from motor /4 through 
speed gearbox 75, coupling and lead screw /6 and is constant during 
operation. A tracer head 8 is mounted on bracket J0 of toolslide 6. 
If the stylus of the tracer head 8 is deflected downward by the tem- 
plate 9, contacts c and 6 will be closed. This will energise electromag- 
netic relay 73 which, in turn, will close contact 78 to engage the mag- 
netic clutch A of gearing 3. In this case, rotation will be transmitted 
from the cross feed motor J through the speed gearbox 2, gearing 3 
and a pair of constantly-engaged gears to the cross feed screw 3 
which withdraws the toolslide 6 from the work. If, on the other hand, 
contact is lost between the stylus of the tracer head 8 and the template 
9, the spring will close contacts c and a. This will energise the “For- 
ward” electromagnetic relay 77 which, in turn, will close contact 77 
(o engage magnetic clutch F of gearing 4. Now rotation will be trans- 
mitted from motor Z to cross feed screw 5 through gearing 4 which 
has an intermediate gear. Therefore toolslide 6 will advance to the 
work. Work signals will be transmitted from the tracer head in small! 
periods of time and, for this reason, the contour turned on the work- 
piece will correspond to the profile of the template except that it 
will have fine steps. The smaller the longitudinal feed and the more 
sensitive the tracer unit (or system), the smaller will be the steps 
and the smoother the surface obtained. 


§ 27. HYDRAULIC DRIVE FUNDAMENTALS 


Hydraulically-operated systems are widely used for obtaining 
working and auxiliary motions, as well as for actuating controls. 
The advantage of a hydraulic drive is in the rapid and infinitely 
variabie adjustment of the length, speed and direction of travel of a 
machine tool unit that may be obtained during operation. Besides 
this. hydraulic drives enable the most complex automatic cycles to 
be obtained simply. 

A hydraulic drive for straight line motion comprises a pump, 
delivering oil under pressure, a distributing device and an operating 
cylinder with a piston and piston rod. Hither the cylinder or the rod 
is linked to the operative unit of the machine tool and the other is 
stationary. 

If, for example, oil under pressure is delivered to the left-hand end 
of the cylinder, shown in Fig. 56, the piston and rod will move to 
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Fig. 56. Piston travel in a hydraulic cylinder. 


the right and oil from the right-hand end of the cylinder will drain 
to the tank. If the right-hand end is connecled to the pump, the pis- 
ton will travel to the left. The speed of travel will depend on the 
volume of oil delivered by the pump in a unit of time. 


The speed of piston rod travel may be adjusted by a throttle 


valve mounted in the pipeline through which oil is delivered to 


fig. 57. Throttle type speed control 
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a and c — “metering-in® control, 6 and 
d — “metering-out” control. 


the cylinder (Fig. 57 a and b). 
This method of speed control 
is called “metering-in”  con- 
trol. 

‘he speed of a piston and 
rod may also be controlled by 
a throttle valve governing the 
discharge of oi! from the oppo- 
site end of the cylinder 
(Fig. 57 ¢ and d). The amount 


of oil passing through the 


adjustable throttle valve, 
in a unit of time, will 
determine the piston speed. 
If the amount of oil deliv- 
ered to the working end 
of the cylinder is too large, 
surplus oil is drained to 
the tank through a_ relief 
valve. This method is called 
“metering-out” speed con- 
trol. 

The speed of piston travel 
may also be adjusted by using 
a variable-displacement pump 
which can deliver different 
amounts of oil per unit of 
time. 


§ 28. PUMPS 


Pumps, applied in hydraulic drives of machine tools may be clas- 
sified as constant-displacement (non-adjustable) and variable-displace- 
ment (adjustable) pumps. The displacement or delivery of a pump 
is the amount of oil it will deliver in litres per minute (//min). 

As to their principle of operation and design, pumps are classified 
as gear (Fig. 58 a), vane (Fig. 58 6b), and piston types (Fig. 58 c). 

At a given speed, gear pumps have a constant displacement. They 
are designed for operating pressures up to 25 atm (kg per sq cm). 
Gear pumps consist of the following principal parts: bodies accommo- 
dating two gears and two heads with bearings and packing glands. 
They operate by the suction of oil through pipeline Z by the rotating 
gears. The oil is carried in the tooth spaces to the pipeline 2 where it. 
is discharged. 

Vane pumps consist of a cast iron housing 7 into which a hardened, 
ground and lapped steel cam ring with an elliptical bore is fitted. 
A rotor in this bore carries vanes located in slots of the rotor and held 
lightly against the elliptical surface of the cam ring. Vane pumps 
also have a constant displacement and are designed for working 
pressures up to 65 atm (kg per sq cm). In operation, the vanes draw 
oil through ports 2 and 8 and discharge it through ports 4 and 5. The 
design illustrated in Fig. 566 is the dovble-acting type. 

Rotary piston pumps may be designed with either radially or 
axially arranged pistons. They may operate at pressures of 100 alm 
and more but their principle of operation is almost the same. In pump 
with axially arranged pistons, the latter are located in a body and 
reciprocate under the action of an inclined rotating disc. When tie 
pistons are moving out of their bores in the body, they draw in oil; 
When the pistons are forced into the body bores, oil is discharged. 
the inclined disc may be sct at various angles lo change the piston 
xtroke and the delivery of the pump. 


§ 29. CYLINDERS, PISTONS, AND RODS 


Cylinders, in conjunction with pistons and rods, are hydraulic 
ucluating devices for straight-line motion. The force transmitted by 
a hydraulic cylinder and piston is proportional to its diameter and. 
to the oil pressure. 

If the cylinder is stationary, the piston rod is linked to the unit. 
which is to be actuated. In some applications, the piston and rod are 
stationary and the cylinder is linked to the driven unit. Oil is deliv- 
ered to the cylinder, in such cases, through the hollow piston rod. 

The speed of piston rod travel is determined from the formula 


40Q : 
v= (pea per min, (27) 


7G 


. ‘duind uojstd 
Aivjoi1,—"9 ‘duind ouea — q ‘dumd scvas — od 


‘sdung ‘9¢ ‘dig 


t 
ANY 


Re 


o sw 
A O 

LEED ES I RUT 4 
LOA BRASS if 
1 

Oh hes eet ce WEE, 

. ray alse 

oH eh pre 

BY, 1 AV 4 

Pl NNN ys Y 

mY y 

- > eP 2 


Q «x g 


/ & @ 


re : Soro 


We 
ail (oe 
| S 
J+ 
Yui 


\ WH 
\ INGZ VY 
\ c LY . CH, V7 


Vy YY. GY CK 
LLY) 7 


‘ 
ny 
5 


>< 


g Y UOIJIAS 


in which Q, denotes the actual delivery of the pump in 7 per min; 
1 = 314: 
Y denotes the cylinder bore, in cm; 
d denotes the rod diameter, in cm. 
If no rod is arranged in the working end of the cylinder, then 
d=O0 and the piston speed will be: 
400, 


v= ps mM per min. (28) 


§ 30. HYDRAULIC DEVICES 


Piston and rotary valve devices are used, as a rule, to control hy- 
draulic drives by directing oil to the corresponding channels of a hy- 
draulic system in accordance with the required sequence of movements 
of the machine tool units. 

Piston valves are cylinders in which valve pistons are arranged. 
These pistons may be shifted, in various ways, manually, with cam- 
dogs, springs, solenoids or high pressure. In each definite position 
of the valve piston, its grooves are connected to different channels 
of the hydraulic system (Fig. 59). 

Rotary valves are illustrated in the diagrams of Fig. 95 

Valves of various types, including throttle valves, relays 
devices, are used to adjust the pressure in the system. 

Valves are employed to regulate the pressure in different sections 
of a hydraulic system. Safety valves protect a system against excess 
pressure and relief valves drain excess oil to the tank. 

Reducing valves are employed when it is necessary to reduce 
(ie pressure in certain definite sections of a hydraulic system. 

Pressure relays check the pressure and trip if the pressure in the 
system or in any section exceeds a certain permissible value. Time 
delay relays count off preset periods of time during which, for 
example, a certain control unit is not switched on. 

Fig. 59 a represents a hydraulic system diagram for the feed drive 
of a toolslide from two vane pumps. The first is a high delivery, 
low-pressure pump and actuates rapid traverse movement (approach 
and withdrawal). For this purpose, oil is admitted to the front (rap- 
id approach) or rear (rapid withdrawal) end of the cylinder through 
a safety valve when the main control valve piston is in its correspond- 
ing position. 

Lhe second pump, for a low delivery and high pressure, effects 
tne feed motion and oil is delivered to the system through a 
screen filter, throttle valve, main control valve and to the front end 
of the cylinder. 

When oil from the pumps is admitted to the front end of the cyl- 
inder, oil from the rear end escapes to the tank through the main 
control valve and a back pressure valve. The flow of oil and, conse- 
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Fig. 59. Hydraulic system dia- 
grams for toolslide feed. 
a—hydraulic system, 6 — hydropneu- 
matic system. 


Trouble-Shooting Chart for Hydraulic Systems 


Trouble 


Pump does not | 


dcliver oil 


Cause 


Shaft rotates in 
direction 


Low oil level in tank. 


Oil intake pipe or suction 


‘filter is plugged 


into 
system. 


Air gets 
hydraulic 


Pump does not 
develop —_ pressure 
in the system. 


Air leaks 
system. 


into hydraulic 


Insufficient 
speed. 

Oil is too thick and is 
not drawn up by the pump. 


pump shaft 


Relief valve setting is 


not high enough. 


Relief valve leaks. 


Oil drains directly to the 
tank. 

Vanes are jammed in the 
rotor slots. 


Core passages in 
housing are damaged. 


pump 


Intake line or filter is 
partially clogged, intake 
pipe has been restricted by 
crushing or denting. 


A small amount of air 
enters the pump through 
leaks in the joints. 


wrong 


Remedy 


Reverse shaft rotation. 


Add oil to tank and check 
whether the end of the suc- 
tion pipe is submerged. 

Clean filter and oil intake 


| pipe. 


Stop leakage (leaks are 
found by noise of air forced 


/out in operation). 


Check and increase the 
pump shaft speed. 

Fill the tank with thin- 
ner (lower viscosity) oil ac- 
cording to the instructions. 


ee 


Check, adjust the relief 
valve to the required pres- 
sure on the pressure gauge. 


Check the relief valve for 
leakage by blocking off oil 
delivery near the valve. 


Check and clean the relief 
valve. 

Check if oi] is clean and 
eliminate jamming of vanes. 


Replace the pump housing 
and check the setting of 
the relief valves with pro- 
vision for impact loads. 


Clean pipe and filter to 
admit oil freely to the pump 
(filter should be cleaned 
each shift by turning the 
handle). 


Tighten up all joints 
(check by immersing in an 
oil bath, by pouring oil 
over the joint while listen- 
ing for change in sound of 
operation). 


Pump 
noise, 


6* 


making 


Air enters through pump 


shaft packing. 


Vanes jam in rotor slots. 


Draw up packing glands 
(check as in precedingjitem). 
Check and clean oil of 
metal dust and of dirt. 
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Trouble 


Oil leakage. 


Cause 


Chattering in relief valve. 


Pump head is not drawn 
up tightly or head gasket is 
faulty. 

Foreign matter (paper or 
threads from waste) has got. 
into the intake core pas- 
sages. 

Air bubbles in intake line 
oe has not scttled propcer- 
y). 


High viscosity of oil (oil 
is too thick). 
Filter is clogged. 


Packing is worn. 

Oil leaks in piping joints. 

Packing of head is 
damaged. 


(Continued) 


Remedy 


Eliminate suction of air 
through pump intake or 
pump shaft packing. 

Draw up screws of head 
after replacing gasket. 


Remove head and careful- 
ly clean out core passages 
in bronze discs and in 
housing. 

Check whether return line 
(“To tank”) is below oil 
level, separate intake pipe 
with a partition from the 
pipe for returning oil to the 
tank. 

Use turbine oil L or pure 
spindle oil 3. 

Clean filter. 


Replace shaft packing. 

Make Joints tight. 

Replace head packing as 
indicated above. 


quently, the movement of the toolslides are controlled by the main 
control valve which is shifted and positioned as required by sole- 
noids, a positioning device and a pilot lever. ‘The latter is actuated 
by cam-dogs set up along the travel of the toolslide. 

It is evident from the hydraulic systems described that they con- 
sist of pumps driven by motors, an oil tank or reservoir, filters, and 
a large number of hydraulic valves and other devices, ail connected 
by pipelines. The following requirements are made to hydraulic sys- 
tems: minimum oil leakage through packing and clearances, complete 
protection against the penetration of air into the system, and as con- 
stant as possible viscosity of the working fluid. 

An elementary diagram of a hydro-pneumatic system is shown in 
Fig. 59 b. The design of this drive is based on throttling of oil on which 
compressed air acts and it operates from the plant compressed-air 
mains. 

The oil is simply held in an oil tank into which compressed air is 
admitted from the mains at a pressure of 4 to 5 kg per sq cm. The 
pressure acting on the oil surface is the same as that in the compressed 
air mains. Consequently, oil will pass through the pipeline and 
check valve to the left end of the cylinder. This moves the piston to 
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the right and withdraws the toolslide from the work. Air from the 
right end of the cylinder will be released to the atmosphere. When 
the toolslide is to be advanced to the work, a three-way valve is 
turned so that the compressed air is admitted to the right-hand end 
of the cylinder and not to the oil tank. The speed of the piston, how- 
ever, will be restricted by the oil draining from the cylinder as it 
can pass only through the throttle valve. Thus, the speed of the piston 
(and toolslide) depends on the size of the slit in the throttle valve 
through which oil flows. 

Troubles encountered in hydraulic systems and methods of their 
elimination are given in Table 1. 


§ 31. LYDRAULIC TRACER-CONTROL UNITS 


Hydraulic tracer-control unils are extensively applied in auto- 
matic lathes to turn the contour of a workpicce to the profile of a tem- 
plate. 

In principle, the operation of hydraulic tracer units resembles 
that of electric units (see § 26). They differ in that the tracer operates 
«i hydraulic valve in a hydraulic system. Upon longitudinal feed 
of the carriage, obtained from an independent drive, the stylus fol- 
lows the profile of the template and operates the valve that admits 
or exhausts oil under pressure on the opposite ends of a piston which 
(ransmits its motion to the toolslide. The neutral position of the 
control valve corresponds to tracing on a section of the template 
parallel to the spindle axis, i. e., when the cross feed should be dis- 
engaged. 

The hydraulic tracer-control unit, model KCT-1, for universal 
engine lathes is shown schematically in Fig. 60. 

This automatic unit enables the operating cycle for machining 
infernal and external stepped and form surfaces to be completely 
automated. 

The compound rest of an engine lathe is removed and the tracer- 
coulrolled slide is mounted in its place at an angle of 45° to the line 
of centres. The stylus of the hydraulic valve slides along the profile 
of a template or the contour of a prototype workpicce (or a three- 
dimensional model). The deflection of the stylus and valve is re- 
produced in the movements of the toolslide. Longitudinal feed is ob- 
tained from the lead screw and does not depend on the tracer system. 

The tracer-control system operates as follows: oil from pump J is 
delivered to the rod end of cylinder 2. This end is connected through 
the hollow piston and rod with the other end of this cylinder and 
alco with the control valve piston 3. The valve housing is fastened 
rietidly to the slide while a spring holds the valve piston with the 

(ylus against the template profile. An annular recess is provided 
lhetween the valve piston and housing. Upon downward movement 
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of the valve piston, oil escape from the piston end of the cylinder is 
cut off and an equal pressure is set up in both ends of the cylinder. 
Since the cross-sectional area of the lower end of this cylinder is twice 
that of the upper (rod) end, the slide will travel toward the work. 
Pressure on the stylus opens the recess and releases oil from the 
piston end of the cylinder to the tank. In this case, the pressure in 
the rod end will exceed the pressure in the piston end of the cylinder 
and the slide will travel away from the work. If the recess is opened 


Le qitpa 
SENSE 
b} 


Fig. 60. Wydraulic tracer-control unit, model KCT-1. 
a — hydraulic system diagram, b — hydraulic valve. 


only slightly and the resistance offered to oil escaping from the pis- 
ton end of the cylinder brings the pressure in this end to one half 
of the pressure in the rod end, the slide will be in a balanced condi- 
tion. 

Two-coordinate hydraulic tracer-controlled systems, in which lon- 
gitudinal feed is dependent on cross feed, are usually used in automat- 
ic lathes at the present time. If the form of the contour being turned 
requires an increase in the depth of cut at any particular point, 
i.ec., increased infeed of the cross slide, the longitudinal feed will 
be automatically reduced. When, on the other hand, the depth of 
cut is reduced, the longitudinal feed is correspondingly increased. 

A diagrain of a hydraulic system of this type, designed for appli- 
calion on single-spindle automatics andsemi-automatics, is illus- 
trated in Fig. 61. 

From the pump, oilis delivered simultaneously through the tracer 
valve, controlled by the form of the template, into one of the ends 
of the cross feed cylinder and into the right-hand end of the longitu- 
dinal feed cylinder. 

If the curve on the template begins to deviate away from the sty- 
lus, the cross slide, reproducing the movement of the stylus, will be 
fed into the work and oil from the opposite end of the cross feed cyl- 
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inder will drain through a throttle valve to the tank. Oil flow in 
the ends of the cross feed cylinder will be reversed when the curve 
rises on the template. 

In places where the template profile is a straight line parallel to 
the workpiece axis, the tracer valve is held in a neutral position and 
oil does not enter either end of the cross feed cylinder. 


Cross feed 


cylinder 
Longitudinal feed \ 
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Fig. 61. Hydraulic tracer-controlled system. 


Oil from the left-hand end of the longitudinal feed cylinder passes 
through the speed adjustment unit and the throttle valve to the oil 
tank. An increase in cross feed will increase the pressure before the 
throttle valve in the drain of the cross feed cylinder. This will reduce 
the flow through the speed adjustment unit and, consequently, the 
longitudinal feed. 


CHAPTER IV 


GRAPHICAL DIAGRAMS FOR AUTOMATICS AND 
SEMI-AUTOMATICS 


§ 32. KINEMATIC GR GEARING DIAGRAMS 


Kinematic diagrams are conventional graphical representations 
of the linkages between the elements of the drive and controls of 
a given machine tool. 

As shown in many of the preceding illustrations, transmissions 
and mechanisms are denoted by simple graphical symbols which 
resemble, to some extent, the actual devices they represent. This 
enables the symbols employed in kinematic diagrams to be easily 
memorised. A kinematic diagram will clearly illustrate all the 
motions of the machine tool. 
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Tatbile 


Graphical Symbols Used in Gearing Diagrams 


Description 


Shaft rotation 


Rigidly fixed rod, pin, etc. 
Fixed guiding element of reciprocating rod | 


Shaft running in plain or antifriction bear- 
ings 


Spindle noses: 
a —ccntre type 
6 — chuck type 
ce — bar type 
| 


Coupling between two shafts 


a — freely mounted 
b — sliding on feather 


l 
Parts mounted on shafts: 
ec — fixed on key 


Jaw clutches 34 RE-+4 


a — general symbol (type not indicated) 
6 —twin type (general symbol) 
c — cone 


Friction clutches: 
d — dise 
| 


Symbol! 


# 


+} 7% 


} 
/ 


4 


—t+— 
a) = 
a a 


”) 


~ 


(Continued ) 


Description Symbol 


Overrunning clutches 


Brakes: AE 
a — cone b) 
b — ee 
c — ban 
d — disc c/ —fi- 


lat belt drive 


Toothed gearing between parallel shafts with 
spur, parallel helical, and herringbone gears 


Toothed gearing between intersecting shafts — 
bevel gearing 


a 


loothed gearing between crossed shafts: 


g fans ia ae 
: 1 ; a 
be crossed helical geaniite an 
| QQ <1 ob 


(Continued ) 


Description Symbol 


Nut on power screw oO 


Cams: ie oy ©) ae 
a — plate cam b) HO 


b — cylinder cam 
> Cd 
b) He} 


Such diagrams serve as a basis for establishing the kinematic 
relations required toset upa machine tool. They enable change gears 
to be selected to obtain a certain spindle or camshaft speed or they 
enable the required gear shifts to be determined for this purpose, etc. 

Data indicated in a kinematic or gearing diagram enable the 
machine tool to be set up kinematically. The number of teeth, mo- 
dule, and helix angle of toothed gears are given, as well as the pitch 
and hand of the thread on screws. The more important elements of 
the machine are provided with the corresponding inscriptions, such 
as: spindle, camshaft, engaging lever, brake, etc. 

The gearing diagram is usually inscribed into the general outline 
of the machine and the actual locations of the various units and 
mechanisms are retained in the diagram where this is feasible. 

Certain conventionalities are inevitable in making gearing dia- 
erams of machine tools since the diagrams are necessarily two-dimen- 
sional and the elements of the machine are arranged in three-dimen- 
sional space. 

Shafts, shown vertically in the diagram, may actually have a hori- 
zontal position but perpendicular to longitudinal horizontal shafts, 
certain shafts are drawn bent when this is necessary, etc. 

As a rule, service manuals, furnished with each machine tool, 
have a gearing diagram. 

The principal symbols, encountered in gearing diagrams, are giv- 
en in Table 2. 

Gearing diagrams, which are not very complex, may be represented 
conventionally by an isometric drawing. 

The gearing diagram of the main drive in a multiple-spindle auto- 
matic is shown in Fig. 62. 


Islectric motors: 
a—on feet 
b — flange-mounted 
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Power is transmitted from the electric motor (7 kw, 1,470 rpm) 
through the belt drive (with pulleys, d,;=240 and d,.=180), a pair 
of change gears (Z, and Zs) and constantly meshing gears (Z,and Z,) 
to the central shaft on which the central gear Z, is mounted. Gears 
Z,, mounted on the spindles, mesh with the central gear Z,. It is 
evident from Fig. 62 that all the spindles rotate in the same direction 
and at the same speed. 

An isometric gearing diagram of a Swiss-type automatic screw 
machine is illustrated in Fig. 63. 


| lop brace - 
: Z)=2 0-69 


= 77-60-20 
Zy=40 


Ss 


il 
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atta 


7580 


Op indle carrier 


fig. 62. Isometric gearing diagram of the main drive in a multiple-spindle 
automatic. 


Rotation is transmitted from the electric motor through change 
pulleys and a belt drive to an intermediate shaft. A wide pulley, 
mounted on this shaft, accommodates a flat belt which drives the 
«spindle. A belt tightening pulley provides for the proper tension 
of the belt. This pulley also transmits rotation through several other 
elements to the camshaft which carries the cams for controlling the 
movements of the operative units. 

Formulas given in Fig. 63 enable the spindle and camshaft speeds 
of model 116a to be determined. 

The gearing diagram and principal setting-up formulas for the 
model 1136 automatic screw machine are given in Fig. 64. 

As arule, one workpiece is produced per revolution of the camshaft. 
Consequently, the cycle time or (for automatics only) the time per 
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Fig. 63. Isometric gearing diagram of Swiss-type automatic screw 


machines, models 146a and 1110a. 
Setup formula for model 116a: 


175 


Ng=Nm B50 rpm, 
enn ke ee 
Nes= Om 175° 07 bd 25 45 
in which ns, ny and 


Neg are the spindle, motor and camshaft speeds- 
respectively. One revolution of the camshaft corresponds to: 

45 25 d 2 27 175 

yas X50 


‘ ; a_c_A 
axes spindle revolutions, i.e., rg ea ia 


lsycle 

45 25 27 175, 

in which A=—-x 79% 6 = 50° 
Neycle is the number of spindle revolutions to make one w or kpiece; 
. 5, 


c, and d are the number of teeth on the change gears; 
A and B are the diameters of the change pulleys. 
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F ig. 64. Gearing diagram of the automatic screw machine, model 1136. 


Spindle speeds, rpm: 


24 20 A 28. 25 
= eis Pa G tation); 
ne=il; 440 FE XeOX B X=gX 5g rpm (forward rotation) 


= yee: a yee rpm (reverse rotation); 
50° B28 
of ae A A725 
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Speed of auxiliary shaft, rpm: Nug= 1,440 — 46 Xeg%300 = 120 rpm. 
Setup formula for camshaft speed: 
43 ac ol Cc 
Negs=Nas 65° b x d X40 b XT rpm 


Cycle time: 


Ss 
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piece in minutes equals the reciprocal of the camshaft speed in rpm. 
The foilowing formulas serve for determining the cycle time in min- 
utes and in seconds: 


1. , am 60 
T,=—min and 7, =— sce. 
Nos Nog 


§ 33. ELECTRICAL CIRCUIT DIAGRAMS 


Electrical circuit diagrams serve to depict the interrelations be- 
tween all of the elements in the electric drive and controls of a 
machine tool by means of conventional symbols. 

Fig. 65 illustrates an electrical line (circuit) diagram for the 
6-spindle automatic bar lathe. This automatic has two _ electric 
motors: /M—main drive motor and 2M—coolant pump motor. 
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Fig. 65. Electrical circuit diagram for the 6-spindle automatic bar 
lathe, model 1261M. 


Both motors, solenoid S and the electrical control devices are in- 
cluded in a 380 V circuit while the work light WZ and the signal 
lamp SZ are in a 36 V circuit supplied from a 380/36 V step-down 
transformer 7. 

Both motors are switched on or off (across-the-line) by the magnet- 
ic starter M. The coolant pump motor may be additionally con- 
trolled by the rotary switch RS. The work light WZ is turned on with 
the switch WS. 

All electrical equipment is controlled from a central push-button 
station located on the top brace. 
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Thermal-type overload relays, OL-1 and OL-2 are provided to 
protect the motors against overloads, as well as fuses / for protection 
against short circuits. Pressing the “start” button will energise the 
coil of the magnetic starter M@. This closes the starter and, conse- 
quently, the main contacts MC to switch on the motor 7M. The 
auxiliary control contacts CC of the starter also close, but the “hold- 
ing” circuit of the magnetic starter is not yet closed and the “start” 
button must be held down. After the establishment of a normal pres- 
sure in the lubricating system, the contacts of the pressure control 
relay PR are closed to close the “holding” circuit, mentioned above, 
and the push button may then be released without switching off the 
drive motor. 

lo prevent an accident that might occur if the automatic is started 
while it is being restocked, a special lever actuates the limit switch 
.S-2 and opens the motor control circuit. Before pressing the “start” 
button it is necessary to close switch ZS-2. If limit switch LS-Z is 
actuated, the solenoid S is deenergised and signal lamp SZ is lit 
up to indicate that the camshaft will be disengaged at the end of the 
present operating cycle because the bar stock has been used up in one 
of the spindles. The corresponding spindle should be restocked. 


§ 34. HYDRAULIC SYSTEM DIAGRAMS 


The movements of elements in a machine tool, equipped with a 
hydraulic drive, are shown in a hydraulic system diagram. Fig. 66 
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Fig. 67. Control diagram of the Swiss-type automatic screw machine, model 
1011. 


When the cam bar of the slide, in further movement, depresses 
the pilot valve, its recesses are blocked off. After this, oil from the 
right end of the cylinder can pass only through the throttle valve 
and the speed of piston travel is sharply reduced. 

The rate of working (slow) feed of the slide may be set by setting 
the throttle valve. Part of the oil delivered by the pump will be 
discharged through a relief valve back to the tank. 

At the end of the working feed, the slide will trip a low-voltage 
switch which deenergises the solenoid. The spring will now shift 
the valve piston to its left-hand position, connecting recess 7 to 
2 and recess 8 to 4. At this, the pump will deliver oil to the right 
end of the cylinder through recesses 3 and 4 and the check valve 
(recess 5 is closed). Oil from the left end of the cylinder will pass 
freely through recesses 7 and 2 back to the tank. The piston and 
slide will travel in the reverse direction at the same speed as in the 
rapid approach. 
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§ 35. CONTROL DIAGRAMS 


Control diagrams are employed to explain the purpose of the 
various control devices and the control system of a machine tool. 
Such a diagram is usually a gencral view of the machine tool on which 
all of the principal units, setling-up elements and control devices 
have been drawn. Control diagrams often indicate the places of 
adjustment as well. 

The control diagram of the model 1A10II Swiss-type automatic 
screw machine is given in Fig. 67. The numbers in the diagram de- 
nole the following elements, control devices and places of adjust- 
mente: 

/J—nut ior adjusting the front spindle bearing, 2—pin to ad- 
just the clamping force of the collet (to prevent the collet jaws from 
contacting the clutch face during clamping, the lock must be released 
and the eccentric pin 2 turned so that a 4 mm clearance is provided 
between the clutch and jaw tips), 3—collet clamping adjustment 
(for adjusting the collet jaws in reference to the clutch), 4— work 
light switch, 5—‘“start” and “stop” handle, 6—rocker-arm stop ad- 
justment, 7—stalionary work-rest adjustment, S—screws for cross 
adjustinent of the rocker-arm slides, 9—screws for cross adjustment 
of the tool-frame slides, 70 —screws for longitudinal adjustment of 
(he tooi-frame slides, /7—nut for setting arm lengths of the tool- 
frame siide levers, 72—screw for clamping the headstock bar, 73 — 
screw jor setting and fine adjustment of the headstock, /4—adjust- 
ment of stop for extreme front or rear position of the headstock. 
This enables the setting for the length of simple parts to be made 
wilhoul changing the cam, /) —lever for clamping the loading de- 
vice bracket, 76—adjustment of the spring for the return stroke of 
the headstock, 77 —screws for adjusting the slides in height in refer- 
ence to the spindle axis, 7S’—screws for adjusting the rocker-arm 
toolhoiders in height in reference to the work axis, 79 —adjustment 
of rocker-arm swing in reference to the cams (enables the tools to 
have iwo different positions), 20—clamping of the rocker-arm tools 
in their toolholders, 22 —screw for tensioning the belt, 22 —nut for 
adjusting the rear bearings; excess clearance is eliminated by releas- 
ine the stop screw, rotating the graduated nut 23, having left-hand 
thread, until resistance is felt and then retightening the stop screw, 
2/-—screw for locking the pin feed screw, 25 —crank handle for rotat- 
ing the camshaft (for manual operation the handle is pushed for- 
ward into engagement; for power operation it is pulled back out of 
engagement), 26—screws for longitudinal adjustment of the rocker- 
arm slides, and 27 —screw for clamping cutting tools. 
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CITAPTER V 
CYCLE AUTOMATION SYSTEMS 


§ 36. CYCLOGRAMS 


The adopted system of automation for any machine tool must 
provide for a proper sequence of the cycle elements and a duration 
of sufficient accuracy for each element. 

A cyclogram of machine tool operation serves to check the cycle 
setup and its various elements. A cyclogram is a diagram showing 
all movements of the machine units in the sequence and with the 
durations that must be strictly conformed with in the actual 
cycle. 

Cyclograms of slide operation 


Upper 3W/s 2PR Yws Lower 
IWS 5PBor 5PB or 3WS 
YWS\. 


Worning feed | Rapid opproach _' 
__ Rapid withdrawal 


bE | 
x HLS 


Working feed | Rapid approach 


Rapid withdrawal 


- 5 ee 3L5 = _ 
Fig. 68. Cyclograms of slide operation for a hydraulic multiple-tool 
semi-automatic lathe (control on a travel basis). The symbol denotes 
dogs tripping the way and limit switches. Dog 3WS_(4WS) is installed 
only if the slides are to operate consecutively and is mounted on 

the slide which first begins operation. 


The different machining operations and auxiliary movements 
of all units and mechanisms are established either by their travel 
(Fig. 68) or by the angle of rotation of the camshaft corresponding 
to the given travel (Fig. 69). 

In hydraulic, electric, or combination control systems, the cycle 
is controlled along the line of travel of the operative units which 
transmit the required work signals. The cyclograms for such machine 
tools are more expediently plotted on a travel basis (see Fig. 68). 

These cyclograms indicate the required locations of cams, dogs, 
and stops which actuate the control devices to change over from rap- 
id approach to working feed, from working feed to rapid withdraw- 
al, etc. 

In mechanically-controlled systems with camshafts, the cyclogram 
is drawn by indicating all units in motion during the cycle along 
a vertical side of the diagram and divisions of 360° along a horizon- 
tal side or vice versa. It is then possible to indicate during which 
angle of camshaft rotation each unit is in motion or at rest. As shown 
in Fig. 69, rest is denoted by a horizontal line, while a rising or 
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ntro] on the basis of camshaft rotation angle). 


Fig. 69. Cyclogram of multiple-spindle automatic bar machine operation (co 


falling line denotes movement. Thus, cam mechanisms for driving 
and controlling each unit may be laid out, manufactured, and installed 
in accordance with data determined from the cyclogram. 

Cyclograms may be of the circular or developed types. The latter 
are more easily read (see Fig. 69). 


§ 37. CYCLE AUTOMATION SYSTEM CLASSIFICATION 


Automatic control of machine tools should ensure a strict sequence 
of engagements, disengagements and adjustments of the magnitude 
and speed of travel of the various units or the duration of their move- 
ment. In addition, the automation system should enable a machine 
tool to be quickly set up to suit the size, form and material of the 
workpiece, and the adopted speeds and feeds. The system should 
also allow the whole cycle to be run through manually in separate 
elements, when setting up the machine tool. 

If any operation is not performed, due to some failure in the mecha- 
nism, the machine tool should stop automatically. 

Machine tool cycle automation systems may be classified into the 
following seven types: 

1. Automatics and semi-automatics in which each motion or group 
of movements is actuated by an independent kinematic train while 
their sequence is established by the corresponding position of the 
cam on the camshaft in accordance with the required duration of the 
motion, i. e., in time (see Figs. 63 and 64). 

One disadvantage of such automatics and semi-automatics is that 
the operating cycle will continue even if some specific operation 
has not been performed for some reason or other. 

2. Automatics and semi-automalics in which control is arranged 
so that cach unit may begin its travel only after a preceding unit 
has traveled a definite distance in accordance with the established 
cycle. 

All control and switching over movements and all machining 
operations of a unit are arranged along its line of travel (Fig. 70 
a and ec). 

3. Automatics and semi-automatics in which movements are aclu- 
ated chiefly by electric or hydraulic means while their control is set 
up in a distributing device not linked to the drives of the working 
motions (Fig. 70 b). These automatics possess the same disadvantages 
as those of the lirst group. 

4. Automatics and semi-automatics in which the travel of each 
unit may be engaged only after automatic inspection has proved that 
the quality of the preceding operation is satisfactory. 

Control in such machine tools is associated with a device which 
gauges the size of the machined surface. If the gauged dimension is 
near to the allowable limit, the cutting tool will be automatically 
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resel or the machine will be stopped. Defective workpieces (“rejects”) 
may be climinated in the operation of machine tools based on this 
principle. 

0. Automatics and semi-automatics with a tracer-control system 
in which all working movements are prescribed by a master gauge 
or template. 

This system has an electric (see Fig. 55) or hydraulic (see Figs. 60 
aud G1) tracer stylus. Tracer-controlled automation is one of the most 
cilective systems for machine tools employed in medium- and small- 
iol production. At the present time, it has been found expedient, in 
me cases, for mass production as well. 

. Automatics and semi-automatics controlled by punched tapes, 
punched cards, magnetic tapes or by a drum. Methods of punched 
tape and punched card control are illustrated in Fig. 74. A drum 
periodically moves the punched tape. Control pins that coincide with 
‘he holes in the tape drop into these holes to engage definite units 
aid mechanisms. 

Electric, hydraulic and pneumatic systems operate in the same 
manner; the corresponding electrical contacts are closed in the first 
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Fig. 70. Electrical control systems. 


a—decentralised in-travel control systeri, b—centralised time-sequence control system), c— 
centralised in-travel control system. 
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case and, in the second and third cases, oil or compressed air is ad- 
mitted to the corresponding cylinders. 

A schematic diagram of a magnetic tape control system for a lathe 
carriage 9 is shown in Fig. 72. The arrangement is controlled from the 
magnetic tape 7 through the reproducing head 2, control channels 3 
and the servo system, consisting of two selsyns 6 and J/, electronic 
device £and amplifiers 5. Longitudinal feed of the saddle 8 is powered 
by the electric motor 7, the cross slide 9 is traversed by motor J0, 
while the main drive and auxiliary devices are powered by 
motor 72. 

7. Machine tools in which the control arrangemnts are located 
outside of the machine (remote control) and are employed to change 
the speeds and direction of motions of the units and mechanisms. 
This control method is effected by either electromechanical or elec- 
trohydraulic means and is widely used in heavy-duty engine 
lathes. 


§ 38. MECHANICAL CONTROL SYSTEMS 


Mechanical control systems are typilicd by a rigid linkage between 
the working and auxiliary operations. The two following mechanical 
systems are employed: 

1. Control system comprising a single camshaft which provides 
for all working and auxiliary motions. This is the simplest arrange- 
ment and is further classified into the two following types: 

a) Systems in which the camshaft speed is set up and remains con- 
stant during the complete cycle (see Fig. 63). All auxiliary (handling) 
motions for various setups are performed on a constant angle of 
rotation of the camshaft. This system may he applied only for auto- 
matic machine tools with a short machining cycle (up to about 
20 sec). 

b) Systems in which the camshaft speed is set up for the working 
movements. Auxiliary movements are performed at a high constant 
speed of the camshaft that is independent of the setup (Fig. 73). 
The mass of the camshaft with the cam drums and discs is compara- 
tively large and large torques which lead to impact loads appear 
at the moment when the camshaft switches over from high to low 
speed. 

This last system is the one most extensively used for multiple- 
spindle automatics and semi-automatics. 

2. Control system comprising a main and an auxiliary camshaft 
(see Fig. 64). The machining cycle is completed in one revolution of 
the main crankshaft which runs at a set-up speed. Cams on the main 
camshaft actuate working movements and also give work signals 
for the performance of auxiliary operations. These work signais 
link the operative devices for auxiliary movements to the auxiliary 
camshaft. 
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Fig. 71. Punched-tape systems of machine tool 
control. 
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Fig. 72, Programme-controlled system of lathe 
operation. 
I—magnetic tape, 2-—reproducing head, 3 — control 
channels, #£ — clectronic device, 5 — amplifiers, 6 and 
11 — selsyns, 7 — longitudinal feed motor, 8 and 9 —cross 
slide driven by motor 10, 42 — main drive motor and motors 
of auxiliary drives (pumps, etc.). 


Systems with main and auxiliary camshafts are more complex 
than the preceding systems due to the large number of transmission 
clements and levers. They are employed, however, in automatic 
screw machines and vertical multiple-spindle semi-automatic chuck- 
ing machines. 
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Fig. 73. Schematic diagram of an automatic lathe with a single camshaft. 


§ 39. HYDRAULIC, PNEUMATIC, ELECTRIC, 
AND COMBINED SYSTEMS 


Hydraulic, pneumatic, electric, and combined systems of cvele 
automation are distinguished for their high versatility and wide 
ranges of adjustment. They may be quickly and conveniently set up 
for various work. 

At the present time, hydraulic drives are among the most easily 
applied systems of cycle automation and are usually employed in 
conjunction with hydroelectric controls. 

A hydraulic system consists of pumps delivering oil under pressure 
to operative cylinders and serves mainly to obtain reciprocating 
motions. Control devices set up the magnitude and directions of travel 
of various units, as well as the sequence of their operation within the 
working cycle of the automatic. 
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One pump is usually sufficient for small machine tools, while two 
pumps are customary for larger sizes. In the latler case, one pump 
with a low delivery at a high pressure provides for the working travel 
and the second pump with a high delivery at a low pressure actu- 
ates all auxiliary rapid traverse movements. 

Hydraulic drives enable the time lost in changing over from one 
job to another to be substantially reduced and thus allow hydraulic 
automatics and semi-automatics to be expediently employed for 
short runs with small lots. 

As distinguished from mechanical systems, hydraulic drives do 
not have rigid transmission ratios between the driven and driving 
elements. 

When a hydraulic drive is applied, the design of various auxiliary 
devices, loading fixtures, magazines, switching over and locking 
devices is often simpler than in mechanical systems; clamping devices 
are usually smaller in size. 

Hydraulic and electric automation systems may be classified lito 
three groups: 

1. Decentralised in-travel control systems (see Fig. 70 a) in which 
the first work signal starts the operation of the system and each 
operative unit, in its line of travel, engages the next unit. This sys- 
lem is decentralised since it has several control devices located in 
different places and enables the machine tool to be set up quickly 
cnough to the required cycie. [t is difficult, however, to proceed with 
thie cycle after unforeseen stops and the system is thus applicable only 
lor simple cycles. 

2, Centralised control systems (see Fig. 700) having a rotary 
control device (time-sequence control) which is set up to the cycle 
time. This system is centrally controlled and is similar to mechani- 
cal systems with a single camshaft. ‘The cams mounted on the con- 
trol device are of standard form. This facilitates settling up and any 
<elup may be easily repeated subsequently. Due to the non-rigid kin- 
ematic linkages in hydraulic and electrical systems, this automation 
method will require a large number of safety (or interlocking) 
devices for reliable operation. At the present time, centralised time- 
<equence control systems are seldom used. 

3. Centralised in-travel control systems (see Fig. 70 c) with a con- 
‘rol device which periodically revolves through the required angle. 
This control system is usually equipped with a master switch which 
enables the cycle elements, cycle time and machining conditions 
(o be easily set up or changed over for other jobs. The application of 
such a system is convenient when separate elements of the cycle re- 
quire longer machining times since excessively slow rotation of the 
control drum is not necessary. After all motions have been completed 
in a certain phase of the cycle, a work signal is given to en ergise the 
solenoid which indexes the control device and then the motions 
begin in the next phase of the cycle. 
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§ 40. PROGRAMME-CONTROLLED SYSTEMS 


An example of a programme-controlled machine tool is the auto- 
matic production lathe, model 1C62 (Fig. 74). It is manufactured as 
a modification of the basic model 1K62 and is designed for turning 
shafts between centres. 

The lathe operates on a fully automatic cycle and is equipped with 
a loading and unloading attachment which is applicable both for 
individual work of the lathe, and for operation if the lathe is 
built into an automatic transfer machine. 

Automatic controls are effected by electric master switches. 
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fig. 74, General view (a) and control diagram (b) of the automatic programme- 
Controlled production lathe, model 1C62. 

1 and 2—levers for changing spindle speeds,3—ball-crank handle for cross feed of slide, 4— 

control panel of magazine feed device and for starting and stopping automatic cycle, 5—con- 

trol panel for work signals: ‘rapid traverse’, “template”, “hydraulic slide’,é—tail-stock bince- 

ing lever, 7—selector switch for operation in one or two cuts, 8—operating cycle switch: 
“Automatic”, “Setting Up”, 9—main line switch. 
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The lathe is set up with a punched card. 

The lathe bed is box-shaped and reinforced by transverse ribbing. 
The front way locates the saddle in its travel on the bed; the rear 
way locates the tailstock. Both are V-type ways. 

Fig. 75 illustrates the kinematic diagram of the model 1C62 lathe. 

The speed gearbox provides for spindle speeds in a range from 
200 to 2,000 rpm. The speed gearbox is powered from an individual 
electric motor, located in the left-hand leg of the bed, through a 
V-belt drive. 

Sliding gears are shifted by levers. 

Longitudinal feeds are driven by a hydraulic motor, model MT-154 
{speed 1,000 rpm, developed torque 5 kg-m, oil consumption 50 | 
per min at 1,000 rpm, pressure 50 kg per sq cm) which transmits 
rotation through a reduction gear with i=1:3.3 to a lead screw 
(diam 40 mm, pitch 12 mm). The hydraulic motor is mounted at the 
right end of the bed. 

The master switch is designed to send work signals which operate 
the automatic cycle. Electric contacts are made by tiny wire brushes 
through the holes of the punched card. 

The punched card is of close cardboard, 0.25 mm thick, with a one- 
millimetre inscribed grid. This card is secured on the drum of the 
master switch in alignment with the “cycle start” index line. 

The master switch is mounted in front of the bed, at the place 
where the quick-change gearbox is usually located. The master 
switch drum is driven from the lead screw. 

The punched card (Fig. 76) has eight longitudinal lines or rows 
along which 4 mm holes are punched at the required places. Instan- 
taneous electric contacts are made through these holes for transmit- 
{ing the corresponding work signals. The first line is for the first feed, 
the second for the second feed, the third for rapid return travel, the 
fourth for the first feed of the second cut, the sixth for rapid return 
travel, the seventh for rapid approach, and the eighth for stop of 
left-hand travel. 

The work signal “stop, R. H. travel” (extreme position) is transmit- 
ted by a special limit switch tripped by a cam on the drum. 

Hydraulic tracer-control slide. The lathe is equipped with a hydrau- 
lic tracer-control slide in which both the cutting tool and template 
are arranged in front of the line of centres. A rear facing slide may be 
installed in special cases. 

The cutting tool is clamped, face downward for better chip dis- 
posal, in a rapid-change toolholder. 

The workpiece contour is turned by a two-cut hydraulic tracer- 
control slide which operates with two templates. The lower is the 
roughing and the upper, the finishing-cut template. 

The tailstock is hydraulically operated (see Fig. 74). Rapid and 
slow advance, rapid retraction, as well as clamping and unclamping 
the tailstock spindle are accomplished by hydraulic means. 
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In a semi-aufomatic cycle these above-mentioned operations are 
controlled by a pedal. Pedal and spindle operations are interlocked 
(the tailstock spindle cannot be retracted while the work spindle is 
in operation). 

The apron has half-nuts with backlash adjustment and a hand-oper- 
ated oil pump for lubricating the saddle ways, gibs, and half-nuts. 
A control panel on the front face of the apron provides for the fol- 
lowing work signals: rapid traverse to the left, rapid traverse to the 
right, roughing template, finishing template, hydraulic tracer-con- 
trol slide—on and off. 

The loading and unloading device (see Fig. 75) consists of: 1) blank 
magazine, 2) drive, 3) mechanism for mounting the blank between 
the centres, 4) mechanism for unloading the finished workpiece, 
5) mechanism for pushing the finished workpiece to the transfer 
trough, and 6) mechanism for ejecting the finished workpiece to the 
transfer trough. 

The blank magazine is an inclined chute located between the head- 
stock and the pusher-mechanism upright. 

The magazine is. to some extent, universal in design and will ac- 
commodate work 25 to 60 mm in diameter and 140 to 370 mmin length. 
Simple adjustments will set up the magazine for a new workpicce. 

The contro! panel and the work light are mounted in the magazine 
bracket. 

The blank handling mechanism is actuated by a hydraulic cylin- 
der through a spline shaft mounted at the rear of the bed. 

The blank loading mechanism is mounted on the spline shaft and 
consists of a segment in the centre of which a lever and spring are 
mounted; two adjustable strips are mounted at the sides for gripping 
the blank. The segment oscillates through a definite angle, selected 
to suit the blank diameter. The angle of oscillation of the segment 
is varied by changing the stroke of the piston which feeds the blank 
from the magazine to the line of centres. 

A stop, secured to the unloading mechanism, and the stop screw of 
(he blank grip lever spring enable the blank to readily enter the 
loading mechanism segment. 

The mechanism for unloading the finished workpiece is operated 
by a hydraulic cylinder which traverses a plunger with a V-block in 
the cross direction. 

At the end of the machining operation, the V-block is advanced to 
i position under the line of centres; the finished workpiece drops into 
the V-block and the mechanism is then retracted to its initial posi- 
lion. 

The mechanisin for handling the finished workpiece is actuated by 
a hydraulic cylinder which traverses a rack, on which a stop screw is 
mounted, in a longitudinal direction. 

After the unloading mechanism has returned to its initial position, 
the stop screw runs against the end of the workpiece and pushes it 
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through a distance somewhat exceeding the length of the workpiece 
(the stroke of the rack is adjusted with a screw). 

In the following cycle, the preceding workpiece is pushed farther 
by a new workpiece. 

A finished workpiece is ejected to the transfer trough at the same 
time that a new blank is loaded. This mechanism is designed with 
adjustment, to accommodate various work lengths and a range of 
diameters, by means of levers that are adjusted along the length of 
the spline shaft and on its diameter. 

The automatic is equipped with chucks having self-clamping jaws 
for holding a definite range of work diameters. Their operation is 
based on the following: when the spindle stops, the jaws are held 
open by springs and the blank can easily be mounted between the 
centres. When the spindle starts rotating and reaches a high speed, 
centrifugal force, acting on weighted levers, will bring the jaws 
tightly up against the blank surface. Then, when the tool begins to 
cut, the cutting force will instantly jam the blank in the jaws. 

An automatic gauging attachment may be mounted on this lathe. 
This attachment switches off the lathe drive when the gauged di- 
mension on the workpiece is not within the permissible limits. 

A cyclogram for turning a stepped shaft and a punched card for 
controlling all movements of this cycle are shown in Fig. 76. 

The use of programme-controlled lathes enables the handling time 
to be substantially reduced and sharply increases the rate of pro- 
duction not only for mass but also for lot production. 
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Part Tuo 


EFFICIENT OPERATION 
QE AUTOMATIC AND SEMI-AUTOMATIC LATHES 


CHAPTER I 
PRINCYPAL COMPONENTS OF THE MANUFACTURING 
PROCESS 


§ 41. THE MANUFACTURING PROCESS 


the manufacturing process, as we have called the sequence of 
machining operations, is the sum-total of all actions required to 
change the shape, dimensions, and physical properties of a blank to 
comply with the part drawing and the specilications. 

The manufacturing process comprises a series of separate opera- 
tiotis, each performed at a single workplace. 

Operations are subdivided into operation elements, also called 
sellings or stations. These include the part of an operation that is 
perforined at one station or position of the machine tool and with 
a single setting of the work or cutting tool. 

Each operation clement may consist of several passes or cuts. 
These may be roughing, semi-finishing or finishing cuts. 

Yue following types of machining may be performed on automatic 
and semi-automatic lathes: 

a) turning external cylindrical, tapered, and form surfaces and 
facing; 

vb) drilling, core drilling, reaming, and boring cylindrical or 
tapered holes; 

c) turning annuiar grooves, fillets, and corner radii, recessing and 
chamicring; 

a) cutting external and internal thread; 

e) rolling thread and knuriing; 

i) cutting off, 

The detail drawing is the main and cumprehensive document spec- 
ifying ali requirements with which the form and quality of the work- 
piece are to compiy. 

The detail drawing should indicate the part name, the material 
of which it is to be made and the type of blank specified, all dimen- 
sions and tolerances, required geometrical form accuracy (out- 
of-roundness, taper, etc.), surface finish, and heat treatment. Dimen- 
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sional tolerances may be shown as numerical values or as fit sym” 
hols. 

Other manufacturing specifications are also often indicated in part 
drawings. 

A generally-accepted rule of engineering production is that no 
one except the designer is authorised to make any changes what- 
soever in the drawings. 


§$ 42. MACHINING ACCURACY 


In any manufacturing process, the actual dimensions and shape 
obtained on the workpiece will inevitably deviate from the nominal 
size indicated in the detail drawing. Even workpieces of a single 
batch or lot will differ from each other to some extent. 

By part accuracy we mean the permissible deviations in nominal 
size and form with which a workpiece may still conform satisfactorily 
with the specifications and will function properly when assembled 
in a mechanism. The conceptions of tolerances, class of accuracy and 
part interchangeability are based on this principle of “Good enough 
being best” for the purpose in view. The smaller the permissible 
deviation, t. e., the narrower the tolerance, the higher the machining 
accuracy must be and the more complex and expensive manufacturing 
methods will be required. 

The higher the class of accuracy, the lower the number symbol 
by which it is denoted (the 1st is the highest class) and the narrower 
the limits of dimensional variation permitted in manufacturing the 
workpiece. 

Various tolerances may be selected to suit the function of the 
part in the assembled mechanism. Narrow tolerances are assigned to 
the inore important surfaces and wide tolerances to non-mating sur- 
faces. 

Tolerances are indicated in the detail drawing as supplementary 
figures following the dimensions and arranged slightly above or be- 
low them. If the permissible deviation may only increase the main 
dimension, the tolerance is placed slightly above and hasa plus (+) 
sign; if the deviation only reduces the dimension, it is placed below 
with a minus (—) sign, and, finally, if the tolerance is bilateral, 
i. e., if the main dimension can be both decreased and increased, the 
tolerance is shown on a line with the dimension and with a plus- 
minus (--) sign. 

Parts which are to be mated together should be manufactured to 
tolerances which provide either for more or less freedom in their rel- 
alive movement or for proper rigidity in fixed associations. The 
character of the association obtained between two mating parts is 
determined by the specified fit which also has definite tolerances. 
Fits are denoted by letter symbols with subindexes following the 
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dimension they refer to. This designation indicates the grade of accu- 
racy, name and character of the fit. Only fine fits (2nd grade of aecu- 
racy) are denoted by a letter symbol alone without the subindex. 
The dimension @20A *, for example, indicates that a hole, 20 mm 
in diameter, is to be machined to the 2nd grade of accuracy. The 
actual tolerance values, in accordance with the type of fit and its 
size, may be taken from handbook tables. The dimension @20A, indi- 
cates that a hole 20 mm in diameter should be finished to the first grade 
of accuracy in the hole system of fits. The tabular tolerance for this 
fit will be +0.013 mm. The dimension with its tolerance may be set 
down as 20+°°'? mm. Another example, $20X indicates that a shaft 
with a nominal diameter of 20 mm should be manufactured to 
a running fit in the second grade of accuracy and again in the hole 


basis system. The tabular tolerance for this fit will be->0%2 and 


Table 3? 


Approximate Data on Attainable Machining Accuracy on 
Automatics and Semi-Automatics 


| Maximum 


Maximum | Maximum (taper | size (diame 
Types and bar capacities or chucking out-of- (difference in ter) varia- 
capacities, mm roundness, | diameter), mm. tions ina 
mm per length, mm Single lot, 
mm 


acne 


Swiss-type automatic screw machines: 


O LOGE. 2, Bees foe Ge ods 0.01 0.01 per 50 0.02 

COAT fe oo be fee om ad 0.01 0.01 per 50 0.03 

IOCOuZS” 2a wt & & Boe eh oe aes 0.04 0.02 per 100 0.04 
Automatic screw machines: 

TOO NG. 5 he He aes ae 0.015 0.02 per 50 ().04 

ZO OMA? 2. he h, he ee n B tan ate Te See 0.015 0.03 per 100 0.05 
Single-spindle semi-au.omatic lathes: 

BOOT OO 2 one 8a. an ae els ele a 0.015 0.03 per 100 0.08 * 

PAO GO 200 ke 6 seo > od ee Ss Se ce 0.020 0.03 per 150 0.10 * 

DO LO OOO: ee tae sie Ae ek a GET SE Seon 0.030 0.03 per 200 0.15 * 

OOM EO: DG X35: cae hs wee as Se ae Ah et 0.040 0.03 per 250 (), 20 * 
Multiple-spindle automatic bar 

machines: 

ZO GOGO Swerve kOe ae HO 0.015 0.03 per 100 0.08 

OOO T00 er eg Bk ae sees Bere 0.020 0.03 per 150 0.10 


Multiple-spindle semi-automatic 
chucking machines: 


80 to 100... ee 0.015 0.03 per 100 0.40 
120-306-200! . xe oe cones ht ee at 0.020 0.03 per 150 0.12 
250-40. 300". a: we ae & Gok Soe ee Sf 0.030 0.03 per 200 0.20 
AQO! £02000) 4.40 4 Ge Bo Gs den we. 0.040 0.03 per 250 0.25 


* Higher accuracy is attainable for hydraulic tracer-controlled lathes. 
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the dimension withthe tolerance will be 20-}%.:. This means that 


the shaft limits will be 19.915 and 19.975 mm. 

If each part of a certain model of a machine is to fit any mating 
part of the same model, regardless of the lot to which it belongs and 
when it was made, it will be necessary for the same parts to conform 
to the same tolerances. In such cases, the parts are said to be inter- 
changeable. 

In manufacturing machine parts, in addition to dimensional ac- 
curacy, it will be necessary for the work to comply with specifica- 
{ions concerning the accuracy of geometrical form (parallelism or 
squareness of surfaces to each other. alignment of cylindrical sur. 
faces, etc.) and the quality of surface finish (maximum permissible 
height of surface irregularities). 

Third and fourth grades of accuracy are economically attainable, 
as a rule, on automatics and semi-automatics. The second grade of 
accuracy may be maintained if special attachments and cutting 
tools are employed. 

Approximate data on attainable machining accuracy on automatics 
and semi-automatics are given in Table 3. 

Lhe surface finish of work produced in these machines depends on 
‘he tools used to machine the surfaces. The finer the finish, i. e., 
the lower the surface irregularities, the higher the class of surface 
finish. Usually a surface finish of y3 to V6 is obtained on these 
lathes, but in particular cases, a surface finish of y 7 or even y 8 
may be achieved. 


§ 43. STOCK AND BLANK SELECTION 


Selection of the type of blank or stock from which a part is to be 
inade is a decisive factor in planning the manufacturing process and 
in economic production. 

Automatic lathes use wire in coils, bar stock, pipe and separate 
blanks. Coiled wire stock is rarely over 6 mm in diameter. Bar 
-tock is available in a great variety of shapes and sizes, but it is con- 
sidered poor practice to use stock over 50 mm in diameter since the 
waste metal in the form of chips will be excessive. 

Only separate blanks are used on semi-automatic lathes. They may 
he in the form of castings and hammer or die forgings. 

The nearer the blank approaches the finished workpiece in form and 
~ize, the less material will be required for manufacture and the less 
metal need be removed in machining. This will reduce the number of 
operations, operation elements and passes required in production. 
The production time will be correspondingly reduced and the number 
of workpieces machined on each lathe in a unit of time will be in- 
creased. The final result will be a reduction in the manufacturing 
cost of the article being produced. 
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The most accurate blanks are obtained by die-forging or die-cast- 
ing since these processes ensure minimum dimensional errors in the 
various elements of the blank. These processes are inherent to mass 
and large-lot production and are not economically feasible, as a rule, 
for small lots. 

Blanks in ordinary lot production are usually grey iron or non- 
ferrous castings, steel forgings and billets cut off of bar stock or pipe. 
Comparatively large amounts of metal are removed in machining 
such blanks since they have large allowances for this purpose. 


§ 44. MACHINING ALLOWANCES 


The allowance is the difference between the size of the stock or 
blank and that of the finished workpiece specified by the detail draw- 
ing. 

Allowances are classified as the total allowance, the layer of metal 
removed in all operations and their elements, and the operational 
allowance, removed in each particular operation. 

Blanks should be selected to obtain minimum possible allow- 
aces, 

The principal dimensions given in blank and part drawings of 
work produced in lathes are diameters and lengths. The allowance 
on each side will equal one half of the difference between the diame- 
ters of the blank and the finished work. 

For example, if diameter D of the blank equals 50 mm and the cor- 
responding diameter d of the finished part is 40 mm, the allowance 
on each side will be: 


a= == = 9 mm. 


This means that the cutting tool must be fed into the blank 5 mm 
to obtain the 40 mm diameter, i. e., the blank must be turned with 
a depth of cut f=95 mm. 

The larger the size (diameter and length) of the workpiece, the larg- 
er the allowances required in machining. 

Allowances required on each side for turning work of bar stock will 
be 41mm for work diameters up to 12 mm and 2 mm for larger work. 
An allowance from 3 to 5 mm on each side may be used forlarge blanks 
over 100 mm in diameter. 

The length allowance for cutting off bar stock is usually from 2 to 
4 mm while the allowance for facing is from 1.5 to 2 mm. 

A length allowance of 3 to 5 mm is required for blanks cut off by 
a power hacksaw or metal-cutling circular saw. Bar stock is usually 
subjected to straightening on special straightening and sizing machines 
before turning operations are performed. 
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§ 45. WORKPIECE LOCATION 


A blank (or bar stock) must be properly located to ensure a correct, 
accurate, and reliable position in relation to the axes of spindle or 
cutting tool rotation. This position of the work must not change 
during the machining process. 

Surfaces which locate the workpiece for machining are called 
datum surfaces. 

Handling convenience and cycle time depend to a large extent 
on the method adopted for locating and clamping the blank. Wire, 
bar stock and pipe are located on their outside diameters (which 
should be, therefore, as accurate as possible), while the length is lo- 
cated by a stock stop. 

The following types and combinations of datum surfaces are ap- 
plicable for separate blanks: 

a) outside cylindrical surface and one end face, b) external or inter- 
nal cylindrical surface and face on one end with a centre-hole on the 
other end, c) hole and one end face, and d) two centre-holes. 

Locating surfaces should be selected so as to ensure minimum 
distortion of the blank from the clamping force. 


§ 46. MACHINE TOOL SELECTION 


The most suitable machine tool should always be selected among 
those available for each machining operation. Any part may be ma- 
chined by many different methods and on various types of machines. 
Therefore, it is not sufficient to establish the possibility of process- 
ing a given part on a given machine tool. The processing engineer 
must make sure that the given work may be most efficiently produced 
in the required quantities on the given machine tool, i. e., with the 
least expenditure of materials and labour and, therefore,at the least 
cost, 

Multiple-spindle automatics and semi-automatics find their most 
efficient application for mass production. Single-spindle machines 
are more expedient for large-lot production. 

New designs of aulomatics and semi-automatics, developed in 
recent years by Soviel engineers, may be efficiently employed for 
small-lot production as well. 

Machine tool selection should always be based on the feasibility 
of processing a given job with the specified accuracy and at the desired 
rate of production. The accuracy of work turned on single-spindle 
machines is usually higher than on multiple-spindle models. 

Inxpedient application of a given automatic or semi-automatic 
lathe to the production of a definite part in the prescribed quantities 
is delermined by the rate of production and the cost (methods for 
the calculation of these factors are given in Part Five). 
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Fig. 77. Spring collets and feeding finger. 


a, b, and c — spring collets and clamping principles, 
d — feeding finger (stock pusher) 


$47. SELECTION OF THE STOCK FEEDING AND CHUCKING DEVICES 


A chucking device must clamp the stock or blank reliably and ro- 
late it wilh an accuracy that guarantees finished work of the specitied 
form and size. 

In automatic machine tools, the chucking device clamps and re- 
leases the work automatically (without the participation of the 
operator) and in minimum time. 

A spring coliet chuck, arranged in the work spindle, is com- 
monly used in automatic bar lathes. Three types of spring collets, 
widely employed in automatics, are illustrated in Fig. 77 a, b, 
and ¢. 

In the construction of Fig. 77 a, the spring collet is pulled by 
the collet tube to the left into the taper bore of the spindle 
nose. This action puts pressure on the tapered sections of the 
collet, forcing them inward and tightly clamping the bar stock. 

The collet tube in Fig. 77} 
pushes the spring collet to the 
right into the tapered seat in 
the spindle nose. This clamps 
the bar stock in the same man- 
ner as before. 

The spring collet has no 
axial movement in the design 
of Fig. 77 c. This chuck is 
closed when the collet tube 
pushes a sleeve with an internal 
laper onto the taper of the 
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collet, forcing it inward to [eis 
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clamp the stock. 

Spring collet chucks locate = 
{lhe work with high accuracy. 
bars up to 12mm in diameter, 
clamped ina collet chuck, 
will run true on a length of 
oro mm to within 0.02 or 
0.03 mim. Bar stock, 40 mm 
in diameter, will run true 
within 0.05 mm on a length 
of TOO min. 

li the chucking arrange-, 
ment shown in Fig. 28, the 
bar is clamped by the spring / 
collet 76, on which the sleeve 
/, is pushed by the collet 


bribe ‘ The internal taper of Fig. 78. Overation of the bar stock. 
Il sieeve closes the collet. feeding and chucking mechanisms 
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Fig. 79. Mechanism for adjusting 
length of bar stock feed in machines 
with collet type chucking facilities. 


The collet tube is actuated by 
the chucking levers % which 
rotate in reference to the sliding 
ring when the sleeve 4 is shifted. 
The collet is released rapidly due 
to spring J3, located between 
the collet and sleeve 1%. This 
spring retracts the collet tube 
when the levers 5 are released by 
sleeve 4. The chucking mecha- 
nism is operated from a cylinder 
cam through a system of levers. 
The design of collet 76 is shown 
in more detail in Fig. 77 c. 

In automatic bar machines. the 
feeding tube is arranged inside 
the collet tube and carries a 
spring feeding finger (also called 
stock pusher) (Fig. 77 d) screwed 
on its front end. The feeding 
finger is a slitted spring bushing 
in which the jaws were compres- 
sed or closed before heat treat- 


ment. The jaws maintain a con- 
stant grip on the stock sufficient to feed the bar forward the mo- 
ment it is released by the collet chuck. 

The spring action of the jaws should not be excessive, however, 
so that the feeding finger may be drawn back over the stock to the 
initial position when the bar is clamped. 

Bar stock feed and chucking proceed in the following order (Fig. 78): 
1 —bar stock is clamped, 2— feeding finger is retracted, }— work is 
cut off and collet opens, 4— feeding tube and finger feed the bar out 
(to the right) up to the stock stop. After this, the stock is clamped 
by the movement of the collet tube 7 (see Fig. 28). When the collet 
16 grips the bar, the feeding tube 6 is returned to its initial left 
position and the feeding finger 74 slides along the clamped _ bar. 

The feeding tube is operated by permanent cylinder cams 5 through 
the lever system 3 (Fig. 79) and slide 2. The amount of stock feed 
is adjusted with screw JZ by setting the sliding block 4 into the 
required position in the slot of rocker arm 32. 

A great variety of chucking and clamping devices are employed 
for semi-automatic lathes. They clamp the work either on internal 
or external surfaces according to the locating method adopted. 

Mechanical and pneumatic work holding devices are illustrated in 
Fig. 80 a and b. Their principle of operation is the same; it is based 
on shifting a rod which simultaneously swivels levers linked to the 
clamping jaws. They dilfer in that the rod is operated mechanically 
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in one chuck and by air pressure in the other. It is evident that hy- 
draulic pressure or electro-mechanical power can also be employed for 
chuck operation. 

A chuck for holding hollow workpieces, located on the bore, is 
shown in Fig. 80. 

A tailstock is needed to turn work between centres on a semi-aulo- 
matic lathe. In the hydraulic-action tailstock, shown in Fig. 80 d, 
the tailstock spindle is advanced and retracted by hydraulic power. 
Its use will enable the time for mounting, clamping, and releasing 
the work to be substantially reduced. These handling operations may 
also be made fully automatic. 

Separate blanks are loaded by hand into semi-automatic lathes. 
In automatics, they are fed to the working position by magazine 
loading devices which contain a number of blanks. 


§ 48. MAGAZINE LOADING DEVICES 


Automatic loading or feed devices for separate blanks are employed 
on many types of single- and multiple-spindle automatics. Their 
design depends mainly on the form of the blank. Blanks should, of 
course, be sufficiently accurate in size and form. Automatic maga- 
zine loaders are often applied for second-operation work, as well as. 
for turning precise forgings or castings. 

Magazine loading enables full automaticity to be achieved. This 
allows operators to attend several machines at the same time and to 
sharply increase the productivity of their labour. 

Automatic loading and unloading- devices provide the basis for 
connecting separate machine tools into automated sequences or 
aulomatic transfer machines. 

Magazine feed devices, mounted at the spindle nose (Fig. 81 a 
and 6), feed the blank into the collet chuck. The device may be 
secured to one of the cross toolslides which periodically advances 
lo the spindle, carrying the lower of a stack of blanks into the load- 
ing position. A spring-loaded pusher, mounted on the turret or 
end toolslide, pushes the blank into the collet chuck of the spindle. 
The spring compensates for differences in blank length. 

The bar stock feed mechanism of the automatic is used in this 
case as a work stop and then as an ejector which pushes the finished 
workpiece out of the chuck. 

The application of magazine loaders to semi-automatic lathes 
(lig. 84 c) converts them into automatics. 

Magazine feeds, employed on multiple-spindle chucking machines 
cnable them to be used for fully automatic operation. The maga- 
vine may be arranged at the spindle nose at the loading position. 
One of the side toolslides, removes the lower blank of the stack 
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after each carrier indexing, and feeds it into alignment with the work 
spindle. Here it is pushed into the chuck by a device mounted on the 
end toolslide (Fig. 81 d). 

In some cases, blanks are fed into machine tools by magazines 
which operate in conjunction with automatic work handling de- 
vices (mechanical hands). The latter may operate independently to 
transfer work directly from one machine to the next. 

An automatic handling device is shown in Fig. 82 a. It is designed 
for loading single-spindle centre-type lathes with blanks held in a 
magazine mounted at the rear. A hydraulic cylinder feeds the work 
into alignment with the lathe centres. After the blank is clamped be- 
tween the centres, the piston reverses. First the cheek of the blank 
holder swings down and then the transfer mechanism is free to re- 
turn to its initial position in which the next blank drops into the 
holder. 

An automatic handling device for single-spindle automatic lathes 
is shown schematically in Fig. 82 a. Fig. 82 b shows a device for 
transferring bearing ring blanks from one multiple-spindle chucking 
machine to another in a bearing plant. ‘The application of such de- 
vices enabled turning operations on both sides of the rings, as well 
ax on other parts, to be completely automated. 


§ 49. CUTTING TOOLS AND TOOLHOLDERS 


Cutting tools and toolholders are selected after the processing meth- 
od and machine tool have been finally established. 

A large variety of standard and special cutting tools and tool- 
holders are used on automatic and semi-automatic lathes. 

Special tools and holders may be resorted to only in cases when the 
standard types are not applicable or when their use will lower the rate 
of production. 

The principal types of cutting tools and toolholders and their 
applications are illustrated in Figs. 83 and 84. 

ln addition to these tools, drills, core drills, reamers, taps and 
solid dies, self-opening dies and collapsible taps, and knurling 
devices are extensively employed. 

Cutting tools may be manufactured of carbon tool steel or high- 
speed steel or they may be tipped with cemented carbides or ceramic 
lool materials. 

lligh-speed steel and cemented carbides are chiefly used. In the 
last years, high-speed steel has yielded to the more efficient cemented 
or sintered carbides which permit much higher cutting speeds and 
sharply inerease the rate of production. 

(ne obstacle to the extensive use of cemented carbides for auto- 
matics is the difficulty of manufacturing form tools of this material. 
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Fig. 82. Automatic work handling devices. 
a-—-for single-spindle automatics, b-—for multiple-spindle chucking machines: 1—spindle in 
loading position, 2—pivot of gripping device, 3—feed-in chute, ¢—gripping device, 5—maga- 
zine, 6—blank, 7—camshaftt. 
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F ®g. 84. Single-point tools with cemented-carbide tips 
for multiple-spindle automatics. 
a — straight turning, b — facing. 
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§ 50. MEASURING TOOLS 


Measuring tools are selected to suit the manufacturing accuracy 
specified by the fits and tolerances of the detail drawing. Since 
automatic and semi-automatic lathes are employed chiefly for mass 
and large-lot production, plug limit gauges are used for hole inspec- 
lion and snap limit gauges for external dimensions (Fig. 85). Meas- 
uring instruments (Fig. 86) are also used. In the latest designs of 
machine tools, the measuring devices are linked to the control system 


ee: 
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Fig. 85. Limit gauges for external and inlernal 
surfaces. 


vo that if the size of the workpiece approaches the permissible limits 
of the specified tolerance, the automatic gauge will hold up the work, 
slop the machine and signal the operator. This is called passive con- 
frol, SUll newer automatic gauging facilities resect the cutting tools 
to compensate for their wear. ‘This is known as active control. 

Work inspection devices, which are units of machine tools and 
which participate in the machining cycle, may be classified as 1) 
rages for post-process inspection, 2) gauges for in-process inspection, 
and 3) devices for sorting the finished work into dimensional groups. 
lnstruments, built into the machine tool, may have either passive 
or aelive control functions. 

Active conirol is more effective since it not only reduces time 
required for resetting during operation, but also prevents rejects. 
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Fig. 86. Measuring instruments. 
a —- precision dial indicator on a universal stand, b — precision dial tadieatar 
arranged for outside diameter measurement, ¢ — lever-and-crown-geir dial imdics- 
tor, d — wide-scale comparator on a stand, ¢ — principle of operation of a preci- 
sion dial indicator (at left) and the movement of a lever-and-crown-gear dial 
indicator, f — operation of a passmeter. 


Work inspection instruments for both active and passive control 
are gauging devices, with or without scales, linked to electrical, 
pneumatic, or other units. The gauging instruments check the work 
and are, in facl, transmilters sending work impulses to stop the ma- 
chine or to reset the tool in reference to the work or to switch over the 
sorting mechanism. 

When a finished workpiece leaves the working position it starts 
rolling down a chute. In its path, it passes through the gauging posi- 
tion. If the turned diameter is well within the specified limits, it 
rolls on freely. If, due to wear of the culting edge, the machined 
diameter is near to the permissible upper limit, an electric contact is 
closed by the passing workpiece. This energises a solenoid which ro- 
tates the cross feed screw of the toolslide through a lever system and 
ratchet. device. This feeds the slide forward a preset amount. ‘hus, 
the next workpiece will again be turned well within the specified 
Jimits and will roll unhindered to the finished work box. This will 
continue until the work size again approaches the upper limil and 
the active control system is again tripped. 

Self-resetting systems sharply increase labour oulput and almost 
completely exclude spoilage. 


$51. CUTTING SPEEDS AND FEEDS 


Planning the manufacturing process is associated with the selec- 
lion of the cutting conditions. This consists in determining the depth 
of cul t, the rate of feed s and the cutting speed v suitable for the 
eiven job in that the specified part accuracy and surface finish may 
be obtained. 

ihe proper selection of these values is one condilion providing 
lov a maximum rate of production and minimum manufacturing costs 
loi producing work of the specified quality. 

‘the depth of cut is determined, in the first place, by the machining 
a Tawe nce It is always more expedient to employ less passes. ‘This 
reences Doth machining and handling times. If a rough surface is to 
be turned, it will be best to remove the allowance in a single pass. 
lligh accuracy and fine surface finishes require two or more passes — 
rouphtng, semi-finishing, and finishing. 

Tlie rate of feed is selected in accordance with the depth of cut and 
‘he required quality of surface finish. 

ane larger the feed, the less time will be required for machining a 
mark piece, Therefore, the highest permissible feed must be selected 
(hat will suit the given conditions. 

lor deiinite workpiece and tool materials the culling speed v 
i detormined as a function of the depth of cut ¢ and rate of feed s. 
“uci: important factors as the tool life and the power and speed 
rapactties of the machine tool must also be taken inlo consideration. 


133 


The tool life, i. e., the time a tool will operate continuously until 
it becomes dulled, decreases as the culling speed increases. 

On one hand, higher cutting speeds reduce the machine time; on 
the other hand they are the cause of additional time losses associated 
with more frequent tool changing and grinding. 

Both factors must be considered in selecting the cutting speed. As 
a rule, a tool life from 90 to 120 min of machine time is accepted for 
single-spindle automatics and from 180 to 240 min and even higher 
for multiple-spindle machines. Culting speeds are taken from 
handbook data in accordance with the desired tool life. Corrections, 
based on previous experience, are often made in this data. 

After this, a check is made to determine whether the most elffec- 
tive cutting speed is available on the given machine. insofar as 
spindle speed and required power are concerned. The power required 
for actual metal cutting is called effective power. 

The effective power (V,) required to rotate the work during the cut- 
ting process is determined from the formula: 

Pv | 
N= 50103 kw, (29) 
in which P,is the tangential component of the cutting force, in kg; 
v is the culling speed, in m per min. 

The effective power NV, required for the feed motion is calculated 

from the formula: 


= Pyn,s ae 
N= Tox 60x05 *™ (30) 


in which P, is the feed force, in kg; 
n, is the work spindle speed, in rpm; 


Ss 
s is the slide feed, in mm per spindle revolution. 


Table 4 
Single-Point Tool Life Data 
; Number of Tool life in Number of 
Type of automalic or semi-automatic single-point minutes of sels of 
lathe tools in machine tools used 
setup time per shift 


3-4 | 100 to 120 | 2or 3 
Single-spindle semi-automatics 

5-7 | 120 to 160 | 2 or 3 

6-8 | 180 to 200 | 1 or 2 
Multiple-spindle semi-automatics 

9-42 | 200 to 220 | 1 
Single-spindle automatics | 0-8 | 160 to 180 | 1 or 2 
Multiple-spindle automatics | 10-12 | 200 to 240 | 1 
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Since the required power V, for the feed motion is negligible in 
comparison with the power V.. for cutting, the machine tool may be 
selected in accordance with the power of the main drive motor CV,,) 
taking the power losses in the machine to be 15 to 20 per cent, 1 
with an efficiency 7=0.85 to 0.8: 


e., 


NSN 0. (31) 


Machine tool service manuals usually list the work spindle speeds 
and the power available at each speed step of the main drive. These 
data enable the feasibility of the selected speeds and feeds to be 
checked. Table 4 indicates optimal tool life values accepted in 
Soviet engineering plants. 

Tables 5 and 6 list cutting speeds (m per min) and feeds (mm per rev) 
recommended by the Leningrad Automatic Lathe Plant for machining 
various materials with high-speed steel tools on automatic screw ma- 
chines, models 1A12—1A136. These cutting speeds may be doubled 
or even trebled if cemented carbide tipped tools are applied. 


Table 6 
Feeds for High-Speed Steel Tools, mm per rev 

yeoee Form turning “Vii ‘ ee Ce 

meuerte | mya and curt ine vienna | mart 
i | 
steel 20... . . . .10.05 to 0.18)0.02 to 0.05/0.04 to O. 14]. 10 to O,30 
Steel 35.0. ..002.2. 0.05 to 0.16] 0.02 to 0.045 | 0.04 to 0. 1210. {0 to O,2a 
Steel 45.0.0. ... 2. 0.05 to 0.1510,015 to 0.04}0.03 to 0.1910.08 to 0.18 
Free cutting steel 12|0.06 to 0.20]0.02 to 0.06)0.04 to 0.15] 0.10 to 0.35 
Free cutting steel 30/0.06 to 0.19]0.02 to 0.05|0.04 to 0.42/0.10 to 6.30 
Stainless steel . . . . 10.03 to 0.08} 9.005 to 0.03 | 0.03 to O03 1 1.06 to WL15 
Brass. ae ds sé <a Se 0.10 to 0.2210.02 to 0.10]0.08 to 0.25)0.15 to 9.35 
\luminium ..... 0.10 to 0.2210.02 to 0.08)0.03 to 0.18]0.18 to 9.45 
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§ 52. CEMENTED CARBIDES AND HIGH-SPEED 
METAL CUTTING 


As indicated earlier, cemented carbides applied on cutting tools 
enable the latter to operate normally at cutting speeds several times 
higher than those attainable with high-speed steel tools. 

Progressive operators increase their output day by day by uxing 
the most up-to-date machining methods and the most effective pro- 
cedure. 

One of the most effective methods of increasing the productivity 
of labour is high-speed metal cutting. 
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Many progressive operators have proved that an inventive 
approach to the production capacity of a machine tool will enable 
cutting speeds of 2,000 and even 3,000 m per min to be successfully 
applied. 

High cutting speeds have been employed for both single- and multi- 
ple-spindle automatic and semi-automatic lathes. 

The new multiple-tool semi-automatic, model MP-95, in operation 
on ball -bearing manufacture, uses single-point tools tipped with 
grade TSK10 cemented carbide to turn hard steel grade DIX15 
at culling speeds of 125 to 150 m per min. The previous speed 
for turning bearing rings with high-speed steel tools was 25 to 30 m 
per min. 

In testing new models of multiple-spindle bar and chucking ma- 
chines, the culting speed for machining steel 45 with carbide tipped 
tools was increased to 165 m per min with end and side toolslide 
<peeds of 0.4 and 0.2 mm per revolution, respectively. A cutting speed 
of 400 to 450 m per min was achieved in testing new single-spindle 
semi-automatics. 

V. A. Kolesov, a well-known progressive lathe operator, devised 
tools with a supplementary cutting edge having a zero approach angle 
that enabled heavy rates of feed to be employed at high culting speeds. 
For example, in turning steel 45 at a’speed of v-- 150 m per min and a 
depth of cut ¢=-1.7 to 2 mm, a feed of s-~2.7 mm per revolution was 
applied. This is 5 or 6 times as large as ordinary turning feeds. 

Improved cutting tool and machine tool design, and more effi- 
cient shop organisation permits increases in speeds and feeds. Pro- 
gressive lathe operators have shown, however, thal carbide tipped 
tools and high speed cutling may also be expediently applied to exist- 
rng machine tool equipment. 

For this purpose, each machine tool must be carefully inspected 
and adjusted. The operation of spindle bearings and toolslide ways 
should be checked. he spindle should run true and excess play in all 
foolslides should be taken up; it is necessary to check whether tools 
are reliably clamped. Often, when a machine tool is to be employed 
for high cutting speeds, it will be found that the available work spin- 
le speed and drive motor power are not high enough. In such cases, 
alterations are made to increase the speeds and power within feasible 
lrimifs, 

In the application of high metal-cutting speeds, it is of prime im- 
portance to reduce the handling time. This further increases the rate 
of production. 

Che workpiece is loaded and unloaded by hand in single-spindle 
semi-automatic lathes. It is, therefore. necessary to reduce the time 
required for these handling operations to a maximum extent. This 
can be achieved by the application of improved mechanical, electri- 
cal, or hydraulic chucking devices. Other manual operations should 
aiso he speeded up. 
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Much time is lost in setting up, changing, and adjusting tools in 
automatics and semi-automalics, as well as on other work organisa- 
tion measures. This time should also be sharply reduced where 
possible. 

This may be achieved by doing certain preparatory and auxiliary 
work outside of the machine, i. e., during the time the latter is in 
regular operation. 

Toolholders are available that are designed to permit sharpened 
single-point tools, drills, etc., to be set up accurately beforehand. No 
further adjustment is required after changing the tools; the toolhold- 
er is merely clamped in the ordinary way (sce Fig. 95). 

Single-point tools, drills, and others are supplied to the machine 
in two or three full sets so that there will always be a spare set on hand 
during operation. 

A large amount of cemented carbide tips of various grades are 
available in the U.S.S.R. The most suitable should be selected for 
each job. Most widely used grades and their applications are listed 
in Table 7. 


Table 7 
Grades of Cemented Carbide and Their Applications 
Chemical content 


Minimum 


is = Rockwell 
Grade ae S gh hardness Application 
nao + aie number 
QOS cS ee (scale A) 
BK3 97 3 — 90 | as 
BK4 96 4 89.5 Finishing _ Machining cast 
BK6 04 6 eo 89 iron and non- 
| ferrous alloys 
BK8 | 92 | 8 | - | 88 | Roughing 
T5K40 85 9 6 88.5 For roughing 
and cutting off 
ae ie : | a _ On ce Machining steel 
| finishing 
T30K4 66 4 30 94 For finish and 
precision turning 
T14K8 78 8 14 89 
T15K6T | 79 6 15 90 
92 


T60K6 34 6 60 | 
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The iorm and culting angles of carbide tipped single-point tools 
used on automatics and semi-automatics are the same as for tools 
used in ordinary engine lathes. 

The design of carbide tipped single-point tools is illustrated in 
Fig. 84. 

The successful application of carbide tipped tools will require their 
careciul manufacture. Most important factors, in this connection, are 
reliahle brazing or clamping of the tips and correct grinding and 
Japping of the culting edges. 

New ceramic tool materials, made chiefly of aluminium oxide, 
were invented by Soviet scientists and are being more and more ex- 
icnsively used on lathes. 

Of these materials, grade L[M-332 retains its cutting capacity at 
temperatures up to 1 200°C. 

Examples of the application of ceramic tool materials are given 
in Table 8 for finish turning and in Table 9 for rough turning opera- 
lions. 


Table 8 
Finish Turning Data for Ceramic Tool Material, Grade WM-332 


Cutting conditions = _ o 

depth tti : 2 a: ; 

Material turned cpu feed, culling | @&a] as — 
SUCCR GOK? 2.5 ws @ Soe 4 0.5to 0.7 |0.1 to 0.2} 200 to 220| 7 2 120 
SteclL OXM ...... 0.4 to 0.45 0.4 300 to 400} 7 Z 40 
Steel 40X@MA ..... 1.0 0.07 604 7 2 70 
Vis TOM 22-44- = & 0 ae 0.9 0.07 235 7 2 90 
Css Ne “ZA ote ee 8 1.0 0.05 157 7 2 20 
Table 9 

Rough Turning Data for Ceramic Too Material, Grade L|M-332 
Cutting conditions 

Tool 

Material turned depth of feed, culting | dite, min 
cut, mm | mm/rev epee 

OGL AOAC ce: aecy, ca! egy ae es Alte ae 10.0 0.33 319 00 

SUCOE ZO RZ AA. coc. Sse a hese aes ee we as 3.0 0.28 382 60 

OD ED ie sgn ee “Say tee, hee Ee se Yes ye 4.0 0.95 221 80 

Gre My OMA 2 PAG: ede as ae san a: ae Ge Sr 10.0 0.33 302 90 

Gis Ae GMOS 2). wa.rar 4) See ae Wei te oe ak 7.0 0.45 362 60 
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CHAPTER If 


SETTING UP AUTOMATICS AND SEMI-AUTOMATICS, 
GENERAL INSTRUCTIONS 


§ 53. ELEMENTS OF PREPARATORY AND SETTING-UP OPERATIONS 


Setting up a machine tool involves all preparation required for 
machining a workpiece in aecordance with the accepted manufactur- 
ing process, to the specified accuracy and at a maximum rate of 
production. 

Before setting up, il will be necessary to select the type of blank to 
be used and to plan the manufacturing process. Then a tooling layout 
and cyclogram are drawn up on the basis of the manufacturing proc- 
ess and the time is calculated for each machine movement within 
the operating cycle. 

Standard cutting tools, attachments, gauges and cams are selected 
on the basis of the tooling layout (Table 10) and the cyclogram 
(see Figs. 68 and 69). All special tooling is then designed and manu- 
factured. 

When all of this preparatory work has been completed. the setup 
man proceeds to set up the machine tool. 

The machining process is broken down into separate operation 
elements so as to ensure the production of high quality work at a. 
maximum rate of production and at minimum cost. 

Since the manufacturing process may be designed in various ways, 
even on the same machine tool, the processing break-down between 
the various culling tools must be checked several times to select the 
most expedient method. 

The following main rules should be followed in planning a manu- 
facturing process, i. c., in laying oul the sequence of operations 
necessary to produce a piece of work: 

1. Overlap working operations wherever possible and try to 
increase the number of tools operating simultaneously. 

2. Overlap handling operations with each other and with the work- 
ing operations. 

3. Overlap roughing and finishing cuts only in cases when this 
does not have a detrimental effect on the quality of the workpiece. 
Finish machining should be done at the end whenever possible. 

4. Arrange the cutting tools so as to counterbalance the cutting 
forces to a maximum extent. 

oO. Provide for a finish cul over the full length of a surface if it was 
roughed in sections by several tools. 

6. Do not permil substantial reduction in the rigidity of the work- 
piece (cutting deep grooves) until all the machining is completed. 
This is especially important in thread cutting. 

7. Turn precise form surfaces in two cuts whenever possible. 
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S. Provide a dwell (stop) during 5 to 40 spindle revolutions at the 
cnd Gf the cross slide travel. This will considerably improve the sur- 
face finish. 

9. Spot (centre) drill before drilling small diameter holes. 

10. In drilling deep holes, pull out the drill several times (with- 
draw it clear of the hole) to break up and remove chips and to facili- 
tate drill cooling. 

41. In drilling a stepped hole, first drill the largest diameter and 
then the next smaller diameters in order. This will decrease the total 
travel required by all the drills. 

12. For multiple-spindle automatics and  progressive-action 
automatics, the machining should be distributed between the 
positions so that the time required at each position is the same. 

13. Break down the longest single (limiting) operation so that it 
will be performed in two or even three positions if this is not detri- 
mental to the quality. 

14. Finish machine external and internal surfaces at a single 
position to obtain their strict alignment. 

15. Exclude interference between holders and tools operating 
either simultaneously or consecutively. 

The tooling layout and operation sheet are the principal guide for the 
setup man. They should include all data concerning the blank or 
stock, culling tools, toolholders, culting speeds and feeds, depths 
of cut, slide travel, initial positions of operative elements, rate of 
production, etc. 

Looling layouts are drawn full size for medium-size work. Small 
diameter work (up to 10 mm) or large diameter work (over 50 mm) 
will require some scale to be used such as 2 to 1 or 5 to 1 in the first 
case and 1 to 2 or 1 to 5 in the second. 

A number of additional factors, depending on the type of machine, 
its principle of operation, design and even its size, must also be 
viven due consideration in planning the sequence of operations and 
designing the tooling layout. 


§ 54. TOOLING LAYOUT AND OPERATION SHEET 
FOR AUTOMATIC SCREW MACHINES 


A tooling layout and operation sheet for a single-spindle automatic 
screw machine is illustrated in Table 10. It is designed for turning a 
part, called a head, of 36 mm round bar stock, of steel A12. 

These automatics possess camshafts and auxiliary shafts. The oper- 
ating cycle is completed during one revolution of the camshaft which 
rotates at a preset speed that is constant for the given setup (see 
l’ig. 64). 

The tooling layout contains sketches of the work in the various 
stages of machining, by operation elements. The required cutting 
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tools are indicated and are shown at the end of the feed motion. The 
form of the turret-operating cam is also shown. 

The operation sheet has a sketch of the finished workpizce. It 
indicates the material of which the workpicce is to be made and lists 
the operation elements in the proper sequence and in accordance with 
the tooling layout. 

To fill in the operation shect, it will be necessary to select the cut- 
ting speeds and feeds and to calculate the lengths of travel of all the 
tools in each operation element. 

In selecting the cutting speed and feed for each tool, it must be not- 
ed that the spindle speed is the same for two tools operating simul- 
taneously and is determined by the maximum permissible cutting 
speed on the largest diameter machined in the given operation element. 

Cutting tools, mounted on the same slide and operating sitaul- 
taneously, will always have the same rate of feed which is determined 
by the tool permitting the munimum feed. 

These rules may be checked on the operation sheet given iti 
Table 10. 

On the basis of plant data and standards (Table 6), the feed can be 
selected for rough form turning with cross-cutting tools equal to 
0.04 mm per spindle revolution, for finish forming equal to 0.025 mm 
per revolution and for straight turning and drilling equa! to 0.42 mm 
per revolution. By selecting a cutting speed of 68 m per min for form 
turning the external surfaces in the second operation element, froin 
two different cross slides, and establishing the corresponding spindle 
speed n,-=600 rpm, the cutting speed for the 14 mm drill is also 
determined. The drill is clamped in the turret. 

In the fourth operation clement, a combination toolholder, 
mounted in a turret hole, carries two tools—one for cutting the face 
groove and the other for the external chamfer. They operate simulta- 
neously and, consequently, at the same rate of feed. On the other 
hand, the feeds of the front and back slides and the turret are not 
dependent on each other in the second operation element and may be 
different. Cutting speeds and feeds are determined in the following 
order: 

1. Speeds are selected to suit the processing factors (surface finish 
required, rigidity of the work, machining allowance, ete.) from 
tables furnished with the automatics (usually included in the Service 
Manual). 

2. The cutting speed is detcrinined on the basis of the selected feed 
and given depth of cut. The cutting speeds must provide for a tool 
lite of at least 120 minutes for simple tools and at least 240 minutes 
for complex tools. The selected culting speed must then be compared 
to that used under similar conditions by progressive lathe operators 
working on the same types of automatics or semi-automatics. This 
may reveal the possibility of applying higher speeds and thereby 
increasing the rate of production. 
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TOOLING LAYOUT FOR TABLE 15) 


The spindle speed is then determined by substituting the selected 
culling speed in the well-known formula 

_1,0000 
Sond 


or by employing a speed chart (see Figs. 26 and 27) furnished with the 
machine. 

The nearest values of available spindle speeds are then selected 
from a table of speed steps and the corresponding change gears are 
installed in the main drive of the automatic. 

If different spindle speeds may be obtained in the operating cycle, 
the second spindle speed and corresponding cutting speed is estab- 
lished for the same set of change gears. 

[n our example, the second cutting speed equals 94 m per min and 
the corresponding spindle speed is 1,500 rpm. 

These data will be sufficient to fill in the upper part of the operation 
sheet as well as columns 1 and 2. 

The next step is to determine the travel of the cutting tools required 
in each operation element. This is done on the basis of the part draw- 
ing and the values are set down in column 3. A rule to be followed 
in determining travel of each tool is to add from 0.5 to 3 mm (in ac- 
cordance with the size of the automatic and the slide travel) to the 
required tool travel determined from the dimensions of the part draw- 
ing. This will prevent the tool from culling into the work during 
ils rapid approach movement. 

To comply with this rule, the following tool travel values have 
heen set down in column 3 of the operation sheet (Table 10): 

operation clement 2—22 mm instead of 20 mm on the drawing, 

operation clement 3—2 mm instead of 1.5 mm on the drawing, 
operation element 4—2.9-+0.5=3 mm instead of 2.5 mm on the 
drawing, etc. 

The feeds selected for each operation element are set down in 
column 4 in mm per spindle revolution. 


a 


$55. TIME REQUIRED FOR EACH OPERATION ELEMENT 


The time required for an operation element depends on: 1) tool 
travel, 2) selected rate of feed, 3) number of spindle revolutions re- 
quired for the tool travel, and 4) comparison of the number of spindle 
revolutions with the spindle speed in rpm. 

The number of spindle revolutions for each operation element is 
determined by the formula: 


n =— revolutions, (32) 


oO 


i which Z is the tool travel in mm, 
s is the rate of feed in mm per revolution. 
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Therefore, to fill in column 5, it will be necessary to divide the 
value Z, of column 3, by the fced s indicated in column 4. 

After determining the number of spindle revolutions n, for the 
given operation clement, the time required ¢, is determined by 
dividing n, by the spindle speedn,. The quotient will be the time in 
minutes: 


t =<2 min (33) 


Oo 
Ss 
or in seconds: 
»__60n Y 
t= = sec. (33’) 
It will be more convenient to determine the time required for each 


operation element by substituting the equation = into the pre- 


ceding formulas: 


l ; 
a 7s min (34) 
and 
, 601 ’ 
Serra sec, (34 ) 


in which n, is the spindle speed in rpm. 

These values may also be determined from an alignment chart 
devised for this machine (Fig. 239). 

The total time in seconds is based on the total number of spindle 
revolutions to complete a piece if the spindle runs continuously at one 
speed. If, in different operation elements, different spindle speeds are 
employed, it will be necessary to recalculate the number of spindle 
revolutions in each operation element to a single basis, dividing by 
the so-called equivalent revolutions factor. 

If, as shown in the operation sheet of Table 10, the work is ma- 
chined with spindle speeds of: 

=600 rpm and n, =1,000 rpm, 
then, at the same rate of feed, machining at 1,000 rpm will be 
| 500 


a =2.5 times faster than at a speed of 600 rpm. 


This means that the time required for each spindle revolution at 
n, =600 rpm will be the same as that required for 2.5 revolutions 
at n, =1,000 rpm. 

The ratio of the higher to the lower speed in rpm is called the equiv- 
alent revolutions factor. 

This factor is used in calculating the cycle time and in laying out 
the cams. 

For example, in the fifth and sixth operation elements, performed 
from the turret and in the seventh operation element from the verti- 
cal slide, comparable results may be obtained in calculating n, for 
these cases (column 6) by dividing the value of column 5 by the 
equivalent revolutions factor 2.9. 


148 


Only those numbers of revolutions are carried over from column 
») to 6 that refer to operation elements that do not overlap. Thus ma- 
chining, performed from the cross slides and overlapped by turret tool 
operation, is crossed through in column 6. 

The total number of spindle revolutions n,, required for all working 
travel that is not overlapped, is then detcrmined. In the example of 
Table 10, n,,=376 revolutions. 

It will be evident from further explanation that there is no need 
to calculate the time required for each operation element; it will be 
sufficient to calculate the total number of spindle revolutions re- 
quired for all working travel. 


3 56. TIME REQUIRED FOR IDLE MOTIONS AND WORKING TRAVEL 


The time required for idle motions depends on the design and 
type of automatic being employed; in certain types, the idle motion 
time is constant and is in no way dependent on the workpiece. 

In other automatics the idle motion time is variable and is a func- 
tion of the cycle time. 


Fig. 87. Dividing the plate cam of the model 1A136 auto- 
matic into hundredths, 
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The idle motion time (¢;) is determined from tables given in 
the setting-up instructions of each automatic. 

In the automatic screw machine used in the example of Table 10, 
the idle motion time depends on the workpiece and is to be taken 
from tables (for the given automatic) in accordance with the cycle 
time. 

One workpiece is produced to each revolution of the camshaft, 
i. e., in one cycle, in automatics controlled by a camshaft. Therefore, 
each working or idle movement takes place during a definite part of 
the camshaft revolution. To establish an interconnection between the 
times required for each movement and to calculate the cycle time, the 
surfaces of the cams on the camshaft are divided into an equal number 
of small parts (Fig. 87). 

Cams are usually divided into either 100 or 360 parts and the time 
required for each working or idle movement is expressed in either 
hundredths or in degrees (since there are 360° in a full circle) (Fig. 88). 


Finish outiine V7, remainder V6 
Cam sections 24°-36° 75°-121°,; 151°- 162°, 1647-211°; 236 -260° 
on untform curves 


Line 03 x03x5 and 0 " 
we 092 


& _ Blank diam 120, 
& 18 thiekness 8£0.1,chamfer 0.345 ‘all over 
Tolerance: angular t10% radia] -0.01mm 
Materral: pearlitic phosphoretic cast iron 


Fig. 88. Dividing a plate cam into degrees and laying out 
lobes for automatics, models 1A10II, 11142 and others. 
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The time required for the idle movements may be determined by 
estimating the approximate time for the whole cycle. This is 
done on the basis of the working travel. The total time required 
for the latter is ‘increased by 25 or 30 per cent, i. e., it is 
multiplied by 1.25 or 1.3. Then, the time required for the idle 
movements is taken from tables in accordance with the estimated 
cycle time and, when this has been done, the cycle time can be 
computed exactly. 

The number of hundredths of cam surface required for unover- 
lapped movements, such as feeding the stock to the stop, chucking, and 
turret indexing, is delermined from the tables for the model 1136 
automatic and is set down in column 7. Three hundredths should 
be reserved, as a rule, for withdrawal of the cut-off tool. 

All the hundredths required for unoverlapped idle movements 
(/{;) will sum up to 15.5 hundredths (see Table 10). 

The next step is to determine the number of hundredths of cam sur- 
lace required for the total working travel and for each working move- 
ment. The number of hundredths remaining after idle movements 
are performed is first calculated. In our example, these hundredths 
(ft) will equal 100 —15.5=84.5. Then the number of hundredths for 
each working travel is calculated. This is done by dividing the num- 
ber of spindle revolutions n,, set down in column 6 for each operation 
element, by the number of revolutions to one hundredth (2,). The 
results are set down in column 8. The hundredths required for the 
idle movements are carried over to this column as well. 

Therefore, to determine the time required for the working and idle 
movements, expressed in hundredths of cam surface: 

1. Estimate the approximate cycle time. 

2. Find, in the tables, the number of hundredths (;) required for 
the idle movements. on the basis of the estimated (approximate) cycle 
lime 7). The latter is estimated as equal to 1.25 to 1.3 multiplied 


hy the time required for all working travel, i. e., 7,=(1.25 to 1.3) 
O02.., 

© seconds. 
Ne 


3. Determine the number of hundredths for the total working travel: 


K = (100—K,) hundredths. (39) 


“. Determine the number of spindle revolutions (n,,,,,) for the 
Whole cycle: 


_ myXi100 ny x100 a 
Ryle = FO0—-K; Ke rev per cycle. (36) 


», Calculate the number of spindle revolutions (n,) for each hun- 
dredth: 


Neoyc 


‘00. spindle rev per hundredth. (37) 


Np — 
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6. Determine the number of hundredths #’,, A,,,etc., required 
for each operation element (1, 2, etc.): 
K = hundredths: K,,=—2 hundredths (38) 
h h 
in which n,, n,,, etc., the number of spindle revolutions re- 
quired for the first, second, etc., operation elements (column 5, 
Table 10). 


§ 57. CYCLE TIME AND RATE OF PRODUCTION OF AUTOM ATICS 


The total number of spindle revolutions for the unoverlapped work- 
ing travel in the example of Table 10 will be n,=376. The number 
of hundredths indicated in the tables of the model 1136 automatic 
for idle movements will sum up to H;=14.5. This will have the fol- 
lowing number of hundredths for the total working travel: 


K = 100—K, =100—14.5=89.9 hundredths. 


During these 85.5 hundredths, the spindle must inake 376 revolu- 
tions. Therefore, in one cycle, i. e., in one revolution of the camshaft, 
corresponding to the production of one workpiece, the spindle must 
make n revolutions as determined from formula (36): 

7, 376X100 _ 376 x 100 
eyele""400—K;  — 85.5 

The number of spindle revolutions corresponding to each hundredth 

can be easily calculated from the preceding by formula (37): 
Ad 
ny = ign =e spindle revolutions per hundredth. 

The number of hundredths for each operation element can next 
be calculated. For example, for the second operation element of 
Table 10: 


cycle 


= 440 spindle revolutions. 


K.,== = 42 hundredtl 
al we i undredths. 
The cycle time 7, can be calculated from the formula: 
ee , 60xXn 
T= min or Ti=——2™ seconds (39) 
Ss Ss 


in which n, is the spindle speed in rpm. 
In the example of Table 10, the cycle time will be: 


» 0X Neyete 60x 440 _ 44 sec 


¢ Ng 600 
The rate of production, i. e., the number of pieces produced in a 
unit of time (minute, hour, or shift), can be calculated from the 
cycle time. 
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First, the gross production is calculated. It docs not take into 
consideration time losses due to tool adjustment and other measures 
associated with stopping the machine, assuming that operation is 
continuous. 

The gross rate of production is determined by means of formula 
(23) or (24): 


Q =) = nes per min 
a : Pes Pp ; 
Q, = pes per hr. 

c 


The gross production is calculated in Table 10: 
Q, = OXM = 82 pes per hr. 
The actual or net production Q’, in which all losses have been ac- 


counted for, is determined from the formula 
Q,=25n pes per hr (40) 


in which y is the utilisation factor of the machine tool. The value of 
}} varies from 0.8 to 0.95. The more complex the machine tool and 
workpiece, the nearer y will approach 0.8. 

In the example, y may be taken as 0.85; the actual production 
will then be: 


Q’ =82x0.85=70 pes per hr. 


§ 58. DETERMINING THE PROPER SEQUENCE OF THE WORKING 
AND IDLE MOVEMENTS IN HUNDREDTHS 


The sequence of the working and idle movements in hundredths 
is determined on the basis of: 1) the tooling layout, 2) the order of 
(he operation elements set down in the operation sheet (column 2), 
») overlapping of working and idle movements (column 7), and 4) 
(he number of hundredths required for each movement (column 8). 

‘The sequence of the movements is set down in coluinns 9 and 10 
in accordance with the data of column 8. 


lor example: 
operation element J—feed stock to stop—hundredths from 0 to 2.5; 
operation element 2—index turret—hundredths from 2.5 to 4; 


drill 14 mm—hundredths from 4 to 46. 


An examination of the figures in columns 9 and 10 will show that 
(ley are the numbers of the hundredths (counting from the beginning) 
with which an unoverlapped movement starts (column 9) and finishes 
(columm 40). 
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For this reason, the first movement inthe cycle (feed stock to stop) 
begins with the 0 hundredth on the cam and the last movement 
(withdraw cut-off tool) ends with the 100 hundredth or a full circle. 
The latter will, of course, coincide with the O hundredth. The with- 
drawal of the cut-off tool is the end of the machining operation. The 
cul-olf operation cannot be overlapped by other operation clements. 

A careful analysis of the data set down in columns 11 and 12 anda 
comparison with columns 9 aud 10 shows that the beginning and end 
of the movements of the operative units (turret, slides, etc.) are set 
down in these last two columns. These data are required in drawing 
and making the cams. 


§ 59. DETERMINING RADIT OF PLATE CAM CURVES 


The radii of plate cam curves in laying out a cam are determined 
in the following order (Table 10): 

1. The main data on the cam and the drive of the operative unit 
are taken from the service manual. They include: a) maximum 
radius of the cam #,,,,, b) minimum radius of the cam f,,,,,, c) height 
of the cam lever fulcrum above the cam centre, and d) ratio of the 
lever system. 

2. The surface of the plate cam is divided into 100 equal parts 
(hundredths). 

3. The cam radii are determined for each operation element from 
the final posilion of the operative element. 

4, For end-working slides, (he maximum diameter of the cam cor- 
responds toaslide position at the minimum distance from the spin- 
dle nose. For cross slides, ?,,,, corresponds lo the position where thie 
tool has advanced slightly beyond the spindle axis (see also Fig. 88). 

This type of data, for the turret, for example, is always indicated 
in the tooling layout. Ia Table 10, 2,,,=120 mm. This corresponds 
to the final position of the turret in the fifth position where Z,=—L 
==90 min. 

9). The other radii R for the final positions of the units are deter- 
mined as the differences between R,, and the other values Z, i. ¢., 
according to the formulas: 


Ry=Ryax— (bh nin) = Cae atemg) he (41) 
R, = R nay bem in) = CH gh agi ds) etc. (41’) 


In our example: 


In position 1: R,=120+90—116=94 mm; 
id 2: R,=120+90—100=110 mm; 
. 3: R,=120+90— 98=112 mm, etc. 


6. The cam radius at the beginning of working travel (in each case) 
is calculated by subtracting the travel of the cutting tool, as set down 


nth 
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in column 3, from the radius at the end of each corresponding travel 
(under the condition that the lever system has a 1 to 1 ratio). 

In our example: 

In position 2: R) =100—22=78 mm; 

In position 3: Ri=112—2=110 mm, ete. 

eae the travel values of all working movements are increased 
by 0.5 to 2 mm, i. e., the cam radii R’ are reduced by 0.5 to 2 mm. 
This enables the tool to approach the work at slow feed and not “jab 
in” at the start of the cut. 

7. After determining the beginning and end radii of the cam lobes 
for each operation element, we are ready to draw the cam. 


§ 60. DESIGNING PLATE CAMS 


The following factors are to be taken into consideration in design- 
ing plate cams: 

1. The movement of an operative unit (slide, turret) usually con- 
sists of a rapid approach, working feed and rapid return. 


for turret 
[ \s RIB a &, ’ 
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/ ig. 89, Cam templates for drawing curves of rapid traverse movements on 
plate cams. 


v—-torautomatic screw machines, models 1A124-1A136, b—for precision Swiss-type automa- 
_ tic screw machine, model 1A10II (headstock and rocker arm cams). 


“. Itapid approach and return should be performed with minimum 
lime loss. Therefore, the cam curves should rise or drop sharply at 
(hese places. Curves for rapid approach and return are drawn to a 
special template (Fig. 89) in accordance with the cycle time. 

». ‘Phe working feed curve should provide for motion at a constant 
speed, i.e., ala uniform rate of feed. This can be achieved if the roll 
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riding the cam rises equal amounts in equal angles of cam rotation, 
i.e., if the roll travels along a uniform curve (the so-called Archimede- 
an spiral). In this curve, the radius increment is proportional to the 
increment of rotation angle. 

This property of a uniform curve may be expressed by the equa- 
tion: 


r K0 (42) 


in which 7 is the radius of the uniform curve; 
0 is the angle of rotation of the cam; 
K is a constant for the given uniform curve. 

4. A uniform curve (Fig. 90) is developed by drawing the cam full 
size and dividing its circumference into hundredths. The lines of the 
hundredths are drawn along arcs having a radius equal to that of the 
cam roll lever (see Fig. 87). The beginnings and ends of the working 
travel lobes are marked off on the corresponding divisions (hun- 
dredths) by swinging arcs of the required radii (see Fig. 88). Then the 
cam roll is drawn full size, 
tangent to the above points 
(Fig. 90). Besides this, on the 
line (division) for the end of 
the travel, the roll is drawn 
in its position at the begin- 
ning of the working travel for 
the given lobe. The distance 
between the two roll positions 
on the hundredth division (arc) 
for the end of travel is divided 
into as many equal parts as 
there are hundredths in the 
given working movement. ihe 
intersections of the arcs (Ara- 
bian numbers) with the cor- 
responding hundredths (lRo- 
Fig.90. Developing a uniform cam lobe man numerals) will be the 

curve. points of tangency of the roll 

in these positions (2—TIlI, 

3—III, etc.). These points will describe a curve which will ensure 
a uniform feed of the operative unit equal to the required value. 

The uniform curves on the cam lobes are usually milled with an 
end mill of the same diameter as the cam roll. 

The cam is mounted on a dividing head in which the spindle is 
linked to the table travel screw of the milling machine. To set up this 
machine it will be necessary to calculate the lead H of the uniform 
curve, i. e., the rise of the curve in one full revolution: 


hx 100 
ie K 


vector 


(43) 


or 
H =~ 360 mm (43’) 


in which hk is the required rise on the cam lobe in mm; 
K is the number of hundredths occupied by the given lobe 
(working movement); 
a is the angle in degrees of the given lobe. 

A complex cycle of movements is frequently employed for automat- 
ics. It may include rapid approach, first working feed, second work- 
ing feed of smaller magnitude, dwell (the unit stops for a certain time 
without feed, usually from 5 to 10 spindle revolutions), and rapid 
return. This cam lobe will have three sections for the working move- 
ment: the first corresponds to the first feed and is a uniform curve 
with a given rise, the second corresponds to the second feed and is a 
uniform curve with a smaller rise, while the third is the dwell. The 
latter has no rise and is described along a circle. 

Thread cutting is usually performed on automatics by taps or dies. 
‘he cam which feeds the unit with the tool for thread cutting does 
nol have to provide for the pitch of the thread being cut since the tool 
itself screws on or into the work as a nut or bolt would. Asa rule, the 
cam lobe for thread cutting is drawn so as to obtain slide movement 
’ to L0 per cent less than the thread pitch, i. e., it lags behind the theo- 
retical curve. The curve on the cam lobe for the “running off” of the 
die or the “running out” of the tap is drawn in the same manner as the 
threading curve. If the tool return curve had the same form in 
tlhreading as for other rapid return movements, the thread would be 
stripped and the tool broken. 

Tool withdrawal in thread rolling should also be performed at the 
working feed and, therefore, the return curve on the lobe should fol- 
low a uniform curve. 


$61. TOOLING LAYOUT AND OPERATION SHEET FOR AUTOMATIC 
CUTTING OFF MACHINES 


\ tooling layout and operation sheet for turning a special centre 
ou the automatic cutting off machine, model 1106, are illustrated in 
Viable 11. In this automatic, the camshaft operates at a constant pre- 
of speed. In the first movement, the wire stock 4 mm in diameter, is 
led) oul a distance equal to the part length (42 mm) plus 0.8 mm for 


colling off, 
orm tools No.1 and No.2 are fed simultaneously, but tool 
No. t leads by approximately 0.4mm and, therefore, removes the major 


part of the stock in turning the taper and finishes the cylindrical sur- 
lace, diam 2.8_,.,;. Form tool No. 2 finish turns the taper and cuts 
olf the finished centre. The point of this tool passes beyond the work 
contre by 0.3 mm. 
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The following data are used to calculate the cycle time and to sct 
up the machine: about 30° of camshaft rotation is required for stock 
feed, about 10° for chucking and about 17° for withdrawing the cut- 
ling tools. 

This will sum up to approximately 57° for idle movements (K; = 
97). Therefore, the amount remaining for working movements will 
be K,,=360°—57°=303° of camshaft rotation. 

Further calculations of the setup chart (operation sheet) will be sim- 
ilar to those given in § 56. The only difference is that the cycle is di- 
vided, not into 100, but into 360 equal parts, each corresponding to 
one degree of camshaft rotation. The number of tool head revolu- 
Lions required for each unoverlapped operation element is calculated 


from the formula ye These values are added together to obtain the 


tolal number of spindle revolutions 7,, for all unoverlapped working 
movements. This total number of spindle (and tool head) revolu- 
lions is to occupy the 303° of camshaft rotation mentioned above. ‘he 
whole cycle occupies one full revolution (360°) of camshaft rotation. 
The number of tool head revolutions 7.,,.,. required to make on 
plece, 1. @., during one revolution of the camshaft: 
303° corresponds lo ny} 
260° corresponds to n 
Nay X 360 
cycle” — 3()8 
100 x 360 
Or Neyete” 303 
The cycle time for a spindle speed n,=3,500 rpm will be: 


cy cle 


(therefore n revolutions 


~w118 revolutions as in Table 11. 


p_ Urewete _ 60x 118 


ae, . 
. ca 3.500 2.02 sec. 


The gross rate of production will be 
€0 ; 
Q =p 29.7 pes per min. 
The actual or net rate of production with a ulilisation factor n= 


O.95 will be 
Q,+Q = 29.7 x 0.95 = 28 pes per min. 


§$ 62. TOOLING LAYOUT AND OPERATION SHEET 
FOR MULTIPLE-SPINDLE AUTOMATIC BAR 
AND CHUCKING MACHINES 


The order to be followed in designing the setup for a multiple-spin- 
dle aulomatic may be illustrated by the production of a special 
nul on a four-spindle automatic bar machine, model 123 (Table 12). 
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Model 123 is a multiple- position machine tool in which the work- 
piece is machined progressively in all of the positions. 

A feature of such machines is the possibility of distribuling the 
machining operations between the positions so that ihe time 
required in each position will be as small as possible and equal to that 
of the other positions. 

The main problem, therefore, is to properly lay out the sequence 
of operations so as to obtain a maximum rate of production of work 
which complies with the accuracy specifications. 

Operation elements requiring much time are somelimes divided 
between two or even three positions. This divides the time, which 
would limit the production capacity at any one position, between 
several positions. 

It is advisable to arrange finishing operations, when designing the 
tooling layout, in separate positions. In this way more accurate work 
may be produced. Since a setup on a multiple-spindle automatic 
includes a considerable number of tools, it is important to use the 
srmplest possible tools and standard types wherever feasible. The 
application of coinplex tools, requiring time-consuiiing setting-up 
and adjustment, will reduce the efficiency of these automatics. The 
methods used in machining the nut of Table 12 illusirate process 
planning on multiple-spindle machines. 

The part is to be made of bar stock, steel 10, 36 mim in diameter. A 
hole is to be drilled and tapped and the external sxrface is to be turned 
to a complex form. In addition, the finished part is to be cut off. 
These machining operations are to be performed in tae four positions 
of the model 123 automatic, which has four side toolslides, a two- 
position end toolslide, and two end-working tool xpin les, 

The part drawing specilies a surface finish of vo fer all external 
surfaces. This required accuracy, in conjunction with the larger 
diameter at the front end of the part, stipulates the use of side tool- 
slides to turn the outer surfaces. Thus, the Ist and 2nd positions may 
be used for rough forming and finish forming these surraces. The 3rd 
and 4th positions are used for cutting otf in two steps. 

Before drilling the hole, it is necessary lo spot drill. For most 
efficient practice, the spot drill should aiso machine the chamfer in 
the hole. The hole could be drilled in a single position, but in this 
case, this operation would be twice as long as the ether operations. 
This limiting machining operation is, therefore, divided between the 
2nd and 3rd positions. The thread is cut in the 4th position. 

In addition to machining, provision must be made in the 4th posi- 
tion for stock feeding and chucking. Therefore, the sum of the ma- 
chining time in the 4th position and the time required for stock feeding 
and chucking should not exceed the time required for processing at each 
of the other positions. 

After laying out the sequence of operations, it will be necessary to 
select the cutting tools and the holders for form tools, drills, reamers, 
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taps.etc. Itis advisable to use the standard holders, furnished with 
tle machine, for this purpose. As far as cutting tools are concerned, 
it will be necessary to decide which should be made of high-speed steel 
and which should be tipped with cemented carbides for most effi- 
cient operation. On the basis of these data, the operation sheet may 
be drawn up and filled in. 

Columns 1, 2, and 3 are filled in in accordance with the accepted 
sequence of operations and tooling layout, while the machined length 
in column 4 is based on the dimensions of the workpiece. These ma- 
chined lengths are increased by 2 or 3 mm to obtain the actual travel 
of the slides (column 5) and the cam rise (column 6). 

The cutting speed is selected to suit the most severe operation (as 
concerns stock to be removed, rate of feed, work diameter and type 
of tool) and the corresponding spindle speed is calculated. Since all 
the spindles of such multiple-spindle automatics rotate at the same 
<peed, the cutting speeds may easily be calculated for each position. 
fr; our example, the limiting operation will be rough forming in 
ine Ist position. This operation may be performed at a cutting speed 
ofu 3538 to 40 m per min with high-speed steel tools (this value could 
he considerably increased if high speed machining was employed). 

The corresponding spindle speed will be: 

ees 1,000 38x 1,000 — 


so wo A436 


=00/ rpm. 


The nearest lower speed is selected of those actually available on 
the aulomatic and listed in its service manual. This will be: 


n= 332 rpm. 


The corresponding cutting speed will be v==37.6 m per min 
(column 8). 

The main drive change gears required to provide the above 
spindle speed are also given in the service manual. ‘They are: 


A--5? teeth and B=52 teeth. 


These dala are to be set down in the operation sheet, under the 
heading “Spindle”. 

Thread cutting in the 4th position is performed at a much lower 
speed. In the example v,,,=95.7 m per min (column 8) and, there- 
lore, the relative speed in thread cutting should be: 


__5.7x 1,000 
= TOK BAA 


= 95 rpm. 


This means that the thread cutting spindle must rotate so that the 
diiference between its speed and that of the work spindle is 95 rpm. 
The service manual lists the change gears 


H=25 teeth and J=53 teeth 
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to provide the above-required relative speed of the thread cutting 
spindle. 

A higher relative speed is used to back the tap out of the threaded 
hole. The value n?=172 rpm may be taken for this purpose; it 
corresponds to the change gears: - 


K=39 teeth and L=39 teeth. 


These data are set down under the heading “Threading attachment 
spindle”. 

The rates of feed s are selected from handbook data to suit the giv- 
en processing conditions. Each side toolslide may have its own feed, 
independent of the other toolslides but all the end-working tools, 
mounted on the same end toolslide (accommodating the 1st, 2nd and 
ord positions in the given example), have the same feed. Only the 
end-working threading attachment spindle in the fourth position has 
independent feed facilities. 

‘The selected feeds are set down in column 9. 

The next step is the calculation of the cycle time. The necessary 
data for the model 123 automatic are as follows: 

1. Approximately 120° of camshaft rotation is occupied by the 
working (low-speed) motion. 

2. An additional angle of 4.5° at low speed is required for engaging 
the high-speed clutch. 

3. Uhe angle of rotation at high speed for spindle carrier indexing, 
locking, rapid toolslide approach and withdrawal and other idle 
motions is 230.9°. 

This will sum up to 360° or one full revolution of the camshaft. 

The idle time ¢t; required for high-speed camshaft rotation through 
230.0° is a constant value and in no way depends on the machining 
time. This idle time is indicated in the service manual. 

The cycle time 7, for these machines is calculated from the formula 


T =t,-+4#, (44) 


in which ¢, is the working or machining time in the cycle in sec; 
t; is the idle time in sec. 

Automatic, model 123, has an idle time ¢;-=2.2 sec. 

The machining time is calculated from the data of columns 4 and 
9 (Table 12) and the selected spindle speed —332 rpm in this example. 

Slow-speed camshaft rotation occupying 120° is usually employed 
only for cutting off (4th position). The operation of other tools is 
accommodated in 117° or 118° of camshaft rotation. 

The travel of the tools mounted on the end toolslide in this example 
will be 7=20 mm at a feed of s=0.099 mm per revolution. The num- 
ber of spindle revolutions required for these operations will be 


l 20 


= = pt 2, ions. 
o= >= D000 O2 revolutions 


Hl 
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Therefore, the time t, required for the camshaft to rotate through 
the angle indicated in column 7 will be 
ng X60 202 €0_ 


_ 4 
L, ne = = 86.9 sec. 


If, then, the camshaft is to rotate through 117° in 36.9 sec, the 
time t,, required to complete the whole slow-speed rotation of 124.5° 
will be 

36.5X124.5 _ “ 
ly ye 1 ~ 39.1 sec. 

Change gears C and D for the camshaft drive are selected from the 
speed and feed tables in the service manual for a machining time of 
39.1 sec at a spindle speed of n,=332 rpm (C=40 teeth and D=44 
teeth). 

The cycle time is the sum of the machining and idle times: 


PT .==ty tt; =39.1+-2.2=41.3 sec. 
The gross rate of production will then be: 


Q’ 60x60 3,600 
BT. AA 


87 pes per hr. 


Since there will be an inevitable time loss for adjustments, repairs 
and tool changes in operation, the actual production Q will, of 
course, be less than the gross value Q’. A time loss of 18 per cent will 
le suitable for the given example. Then the actual rate of production: 


» 87 (100—18 
Q, = 71 pes per hr. 


This calculation completes the operation sheet which is used to set 
up the automatic. 


§ 63. DESIGNING CYLINDER CAMS 


Cylinder cams are designed on the basis of the saine data as for 
plate cams but by a somewhat different inmethod. If a cylinder is 
developed on a flat surface, a rectangle is obtained (Fig. 91). The 
height of this rectangle equals the height of the cylinder while the 
width equals the circumference or developed length. ‘The developed 
length is: 


L=nD mm (45) 
in which D is the diameter of the cylinder in mm. 
ln the design of cylinder cams, the developed length (L=x2D) is 


divided into 360 equal parts, each corresponding to 1° of cam drum 
rotation, 
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Cylinder cams, as well as the plate types, must have sections for 
rapid approach, working feed, and rapid withdrawal or return. Each 
of these sections is a helical surface but with different helix angles. 
On the development of a cylinder cam, a helix will be a straight line. 
All the calculations required for laying oul a cylinder cam may be 
made on the basis of the tool travel Z, feed s in mm per spindle revo- 
lution and the number of spindle revolutions n, for cach operation 
element. These values are determined in the same manner as for plate 
cals, 
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ie 91. Development of cylindrical drums and cams 
for the semi-automatic lathe, model 116. 


i—high- and low-speed cams, 2 -— cluteh-cperating drum, 
é — follower, 4 -——large cam drum, 35 and 6 --- front slide cams, 
7 and 8§ — wedge bar cams, 9 and 10 — rear slide cams. 


The rise h of the curve on the working section of the cam (under the 
assumption that there is a 1 to 1 ratio in the lever system, i. e., 
equal lever arms) will equal the tool travel: 


l 
h=l and n,=—=—. (46) 


If, however, the ratio of the lever system from the cam to the slide 
equals m, then: 


h=— mm. (47) 


rn 
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The relation of the working feed s to the cam rise is expressed by 
the formulas: 


gM mm per revolution (48) 
‘Oo 
or 
—— im mim per revolution (48’) 
oO 


in which B,is the angle of camshaft rotation in degrees for the given 
operation; 
i is the gearing ratio from the spindle to the camshaft: 


Nos 


Ns 


— 


in which 7,, is the working (slow) speed of the camshait in rpm; 
n. is the spindle speed in rpm. 
The time required for machining when cylinder cams are used is 
determined in the same way as for plate cams. 


$ 64. TOOLING LAYOUT AND OPERATION SHEET 
FOR A HYDRAULIC SEMI-AUTOMATIC LATHE 


All movements of operative units in hydraulic lathes are actuated, 
as a rule. by hydraulic cylinders and pistons. Their speed of travel 
depends upon the amount of oil delivered to the piston end of the 
vylinder per minute as well as the area of the cylinder bore (see 
formulas 27 and 28). 

The rate of slide feed, therefore, is expressed in mm per min 
and not in mm per spindle revolution. Obviously, the handbook 
value for the rate of feed, given in mm per revolution, must be 
converted, in feed selection, into mm per min (s,;,) by using the 
formula 


Snin=S XN, MM per min. (49) 


The time for each operation element is deterinined, from the work- 
me travel 2, by the formula 


= Yin (50) 
Simin 
or 
» 60x ’ 
to= an sec. (90 ) 


which do sot essentially differ from formulas (34) and (34’). 

Iapid slide approach and withdrawal movements do not depend 
ou the spindle speed in these lathes and are calculated on the 
basic of machine data in the service manual. It must be noted that 
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the approach and withdrawal speeds often differ and are always 
expressed in metres per minute (m/min). Slide travel is usually 
expressed in millimetres and it will be necessary to express the slide 
speed in mm (14 m per min=1,000 mm per min). 

The rapid approach time (t,,) is determined from the formula: 


a lea = 
t= T0000,, min (51) 
or 
, OOXta sec, (51) 


ra "4 0000,4 


The rapid withdrawal time (¢,,,) is determined from similar for- 
mulas: 


l 
t —— rw 
rw =TO000,,, min (02) 


or 


, 60x 1 = 
l ew TN See D2! 
rw T0002 pa» (92) 
in which 1, and J,,, are the lengths of rapid approach and 
withdrawal travel of the slide in mm; 
Vrq and v,, are the speeds of rapid approach and 
withdrawal in m per min. 


Example: The total travel of a slide is 350 imm. Of this, 200 mm is oc- 
cupied by working feed at s,,;,-=100 mm per min. The rapid approach speed 
IS Vpg==2 m per min and the rapid withdrawal speed is v,,y=1,5 m per min. 
Determine the rapid approach time (¢,,), machining time (/,), and the rapid 
withdrawal time (l,.). 

l_,== 3800—200= 100 mm; 


ra ~ 17 000X2 to Scc, 
/ 60200 | 
t= 700 == 120 sec; 
— 60350 LA cine 


rw 4000 1.5— 
The summary time required for all side movements will be 


t’ -|-t/--t', = 4.54+120-+-14= 138.5 sec. 


rw 


In regular practice it is necessary to increase the working feed 
travel slightly and to correspondingly reduce the length of rapid 
approach. This will prevent the tool from starting the cut at the 
rapid approach speed. 

The tooling layout and operation sheet for turning a stepped shaft 
on ahydraulic semi-automatic tracer-controlled lathe, model 1722, 
(Table 13) are to be designed with the same procedure used for auto- 
matic lathes having a camshaft (Tables 10, 11, and 12). 
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§ 65. DESIGN AND MANUFACTURE OF TOOLING 


‘ 


All elements required in a machine tool setup are called the 
‘owing. ‘They include cams, cutting tools, fixtures, and holders. 
Pielerence should always be given to standard tooling if it can be 
used in the setup. 

sofore designing special tooling, it is advisable to check whether 
vais and culting tools for similar workpieces were manufactured 
previously and whether they are available and suitable for the pres- 
ent setup. Thus only non-available camming, and special culting 
lools and fixtures need be designed and made. 

The most time-consuming work in tooling is cam manufacture. 
Plate cams are made of stock blanks of steel 20X, steel 15, or of pear- 
lilic phosphoretic cast iron. The following sequence of operations is 
usual practice: 1) turning on a lathe and boring the central hole, 
“) drilling and reaming the locating pin hole, dividing the cam sur- 
fice into hundredths or other divisions, and laying out the outline 
of all lobes on the cam, 3) milling the outline on a milling or special 
machine, 4) filing the outline, 5) heat treatment and 6) grinding 
Ihe central hole. 

Cylinder cams are made of steel 45, steel 40X or cast iron grades 
("| 24-44 and CU 28-48. They may be designed as drums in which 
Jots of the required form are milled or as removable cam plates 
which fit on and are held by screws to the cylindrical surface of the 
cam drum. Hollow cylinders, machined inside and outside, are usually 
uscd as blanks for the above cams which are simply cul out of the 
blanks. Holes are drilled and counterbored in the cut-out blanks 
lor screws and then the blanks are secured on a drum and the out- 
lines are milled. If cylinder cams are made of steel, they are heat 
treated. afier checking the rise and outline. 


S$ 66. SETTING UP AUTOMATICS AND SEMIJ-AUTOMATICS 


efore altempting to set upan aulomatic or semi-automatic 
lithe, one must be well acquainted with the date and setting-up 
instructions given in the service manual. The setup must comply, in 
every respect, with the tooling layout and operation shect. 

selling up consists in the following: 

i) Installing and adjusting the stock feeding and chucking devices; 

b) setting the required work spindle speed; 

‘) setting the camshaft speed to the required cycle time; 
l) installing cams or stops; 
‘) Installing cutting tools, holders, and fixtures on the slides; 

I) setting the travel of the operative units; adjusting tools and 
Pops; 

v) checking the operation of all operative units and all protective 
Heviees: 
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Fig. 92. Changing collets 


h) test run and first-piece inspection; 

i) final adjustments to obtain exact work size. 

Installing and adjusting stock feeding and chucking devices on 
bar machines consists in inserting a collet tube with a collet of 
the required size and shape and in adjusting the clamping force. 
The latter is varied by adjusting the chucking sleeve. Then 
a stock pusher (or feeding finger) of the required size is screwed 
on the feeding tube. The stock stop may be adjusted at the same 
lime. 

To change the collet and stock pusher, the tubes must be removed 
from the work spindle (Fig. 92). Collets and stock pushers are*then 
carefully unscrewed (Fig. 93). 

Next, the stock feeding mechanism is adjusted as required. As 
«a rule, stock feed is adjusted to a value 5 or 6 mm longer than the 
length of the workpiece. In multiple-spindle automatic bar ma- 
chines, the stock feeding and chucking mechanisms are to be adjusled 
in each work spindle. Magazine automatics require adjustment of 
the chucking device and, in addition, of all mechanisms which feed 
the blank from the device to the spindle and the rod which pushes 
the blank into the chuck. 

Chucking devices of semi-automatics require adjustment to the 
diameter of the workpiece. Provision must be made for a diameter 
slightly larger than the nominal value. 

The required work spindle and camshaft speeds are set by install- 
ing the change gears, indicated in the operation sheet, into the main 
drive and camshaft drive gear trains. In models in which the cam- 
shaft has two speeds of rotation (a high constant speed for idle move- 
nents and a set-up slow speed for working feeds), the adjustment 
of the high-speed clutch must be carefully checked. 

At this stage, the cams may be mounted on the camshaft. 

Plate cams have a locating pin hole on the radius of the 0 hun- 
dredth which coordinates several cams in relation toeach other. Cam 
lobes are milled on a special fixture in which they are located from 
(his hole. 

Cylinder cams are usually designed as separate cam _ plates 
fastened by screws on a drum which is mounted on the camshaft. 

Cam drums have a sufficiently large number of threaded holes 
on the outside surface, numbered along the circumference of the 
rum. Cam plates are mounted on the drums in accordance with the 
(ooling layout and operation sheet. The gearing diagram of the model 
MP5 semi-automatic chucking lathe, controlled by cylinder cams, 
is shown in Fig. 94. 

When the automatic has been set up, it is advisable to start it 
for an idle test run for 5 or 10 minutes to check its operation. 

Setting up an automatic lathe takes considerable time, during 
which the machine is idle. Systems of automaticity based on constant 
cams or hydraulic drives are being applied more and more widely in 
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the latest designs to reduce the time lost in setting-up operations. 
Several Soviet machine tool plants have developed automatic lathes 
which can be set up in from 30 to 90 minutes in place of the 120 to 
240 minutes required in previous models. 

Many Soviet setup men have substantially reduced the setting-up 
time for automatics and semi-automatics by doing certain prepara- 
tory work before stopping the machine. 

If definite work has not been assigned to each machine in quan- 
tity and date schedules, it will be necessary for the setup man 
to distribute the work, on the basis of the weekly or monthly 
production programme, in such manner that change-overs from one 
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workpiece to another involve a minimum time loss. For this 
purpose: 

1. The various work should be sorted into groups having like 
sequences of processing operations. These groups are then allotted to 
different automatics so that minimum replacements of cams, [ix- 
tures, holders, etc., are required to change over from one workpiece 
to another. 

2. Collect all drawings, operation sheets, fixtures and cutting tools 
that will be required for a new setup before stopping the automatic 
Jathe. 

3. Try to time change-overs so that they need not be performed 
during working time (during lunch time or after the shift). 

4. Make fine adjustments of the cutting tools, wherever possible, 
to gauges and measuring tools and not by turning trial pieces. 


§ 67. SETTING UP THE TRAVEL OF UNITS 
CARRYiNG CUTTING TOOLS 


Foolslides, turret, and auxiliary tocl spindles are first set up 
anproximately and then fine adjustments are made. It is advisable 
(2 carry out these coarse settings of units and tools to a master sample 
or template. The master sample is clamped in the chuck or in the 
cotlet Gif the part is made of bar stock). It is located axially by the 
eul-olf tool and the stceck stop. 

After setling up the master sample, the camshaft is rotated slowly 
ly hand through the full cycle of the machine. This will check 
‘he movements of all the slides with the mounted tools and enable 
(heir positions lo be adjusted in reference to the master sample. 
“tops should be adjusted, at the same time, to the end positions of 
all slides controlled in this manner. 

This work is called process setting-up and is performed differently 
for automatics and semi-automatics of different design. Process set- 
liig-up methods also depend on the design of the tool holders and 
(ool clamping devices. 

The construction and sharpening of cutting tools require especial 
allention in the performance of various operations. The following 
noles are of importance in setting up: 

it) Automatic bar machines: 

|) The bar stock feed stop is to be set so that the stock feed is equal 
lo the work length plus the width of the cut-off tool. 

”) To turn parts of exact length, especially on multiple-spindle 
automatics, the front end of the workpiece must be faced in the 
operation, 

) he main requirement in machining accurate holes is proper 
wlignment of the drill and work axes; this may be achieved by spot- 
ling or centring. No spotting is required for shallow holes. 
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4) Thread cutting should not be overlapped, if possible, with 
other operations and should be performed before cutting off has 
proceeded to any appreciable extent (while the work is still rigidly 
supported by the stock). 

5) Thread cutting with a tap or die is performed with the same 
direction of rotation of the cutting tool and the work (or with a sta- 
tionary tool). The cutting speed will be the difference in the speeds 
of the work and tool. 

6) Right-hand thread will be obtained if the tcol leads the work 
(cutter rotates faster than the work); left-hand thread is cut if the 
tool lags behind the work. (This is true for clockwise rotation when 
looking at the spindle nose.) 

7) In thread cutting, the length of power longitudinal feed does 
not exceed one thread lead to start the die or tap which then runs on 
or screws into the work to provide for further feed movement. 

8) If thread is cut with a self-opening dic, there is no need to run 
the latter off the thread but the operating cycle should provide time 
for opening the die. 

9) External thread is usually rolled only in comparatively soft 
materials or if it is located beyond a shoulder. 

10) The cutting speed for core-drilling and reaming must be 
reduced in comparison with turning, drilling, and boring. 

11) Knurling may be done from either the cross or end-working 
toolsiides but, in either case, the work must be supported by a roll 
on the opposite side. 

12) In cross drilling, milling flats and other similar operations, 
the spindle with the work is stopped by a braking device. 

13) If separate blanks are used on bar machines, a magazine load- 
ing device must be installed and the stock feeding mechanism is 
employed as a stop and to eject the finished workpiece. 

b) Semi-automatic centre-type and chucking machines: 

1) External surfaces of long workpieces are turned with the work 
held between centres. If the length exceeds 10 or 415 diameters, 
steadyrests must be used. 

2) Comparatively short work of large diameter is held in a 
chuck. 

3) External surfaces may be turned with multiple-tool, single- 
tool, or combined setups. Multiple-tool and combined setups provide 
for the highest rates of production. Setup time is less for single-tool 
arrangements. The combination method comprises  single-tool 
tracer-controlled machining in the longitudinal direction, in con- 
junction with a multiple-tool arrangement for facing shoulders and 
cutting grooves, and is highly effective in many cases. 

4) Separate blanks are usually turned in two settings. First one 
side is machined and then the other side, in a new setup. The ma- 
chining should be divided so that a reliable and accurate locating 
surface is provided for the second setup. 
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2) Holes should be machined, whenever possible, simultaneously 
wilh the external surfaces. 

6) Separate blanks may be efficiently clamped in pneumatic or 
hydraulic chucks. 

After setting up the machine, it is started and run through from 
one to three cycles. All of the safety devices are checked during this 
run and the finished parts are inspected. On the basis of this inspec- 
tion, finai adjustments are made on all operative units and their 
positions in reference to the work, all positive stops are adjusted and 
locked iirmiy and all tripping devices are likewise finally adjusted. 

The accuracy of a setup should be checked from time to time. 
This is done. without stopping the machine, by sampling inspection 
of the finished pieces. 

If inspection of the dimensions or surface finish of the workpiece 
indicate ihat its quality is near to the permitted limits, the machine 
is stopped and further adjustments are made. 

All safety rules must be strictly observed in setting up automatics 
and semi-automatics. All protective devices must be properly in- 
stalled before starting the machine. 

All handles and levers, designed as removable and used only in 
setting up. should be removed before starting up. Workpicces 
should never be checked or measured without fully stopping the ma- 
chine. The movements of the setup man should not be hampered in 
any way during setting up operations. He must arrange his tools so 
(hat they are always conveniently at hand. 


$ 68. SPECIAL FEATURES IN SETTING UP HYDRAULIC LATHES 


l!ydraulie drives provide for rapid change-overs in the setups of 
machine tools. The less time lost in changing over from one work- 
piece to another, the more efficiently such automatic lathes can be 
used tor small lots. 

A hydraulic drive is self-controlled or itis controlled from elec- 
(ric devices but it does not require complex expensive cams, designed 
specially for each new cycle. 

After filling the tank with oil, the pump drive motor is swilched 
on und alf units are rapidly traversed, by manual controls, from one 
cd of their travel to the other. This is repeated several times until 
all air, trapped in the cylinders and pipelines, is driven out. Smooth 
slide movement indicates that the system is free of air. ‘Then the hy- 
draulic control units of the clamping devices and slide travel are 
lested and adjusted. 

lhefore setting up a hydraulic automatic or semi-automatic, it is 
necessary lo lest the working fluid in the hydraulic system which 
inust be feastbly pure and should contain no air. Air in the oil will 
cause foam on the surface. Dirt in the oil leads to fluctuations in 
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the pressure and flow in the system and, as a consequence, to ab- 
normal operation. After filling the tank with fresh oil (or after re- 
plenishing), the filters should be cleaned daily for several days. Re- 
liable hydraulic system operation may be ensured if the grades of 
oil “Spindle 3”, “Industrial 30”, and “Turbine L” are used. Lack of 
oil in the system will cause rapid heating. This reduces oil viscosity 
and increases leakage. 

All hydraulic lathes operate on a setting-up and an automatic 
cycle. Hither cycle is selected by a rotary switch. 

It is highly desirable to employ master samples for setting up these 
lathes. 

The following order of setting-up operations has proved efticient 
for hydraulic lathes: 1) Regulate all control devices of the work clamp- 
ing facility (the latter is usually in the “Unclamp” position after 
removing the work), 2) tool block and other holders for cutting tools 
are mounted, 3) lengths of working travel are first adjusted coarsely 
with hand controls; final adjustments are made by setting stops and 
dogs which actuale the corresponding control clements to obtain 
presct movements, 4) the coordination or interaction of the kinemat- 
ic, hydraulic, and electric systems are checked, 5) the cycle is run 
through several times from manual controls as a lest, 6G) the auto- 
matic cycle is switched on, 7) the actual dimensions of the finished 
work are checked, 8) final adjustments are made on all stops and dogs, 
and 9) the machine is starled for regular automatic operation. 

The following must be taken into consideration in setting up 
sydraulic lathes: 

1. Check valves (type [51) will operate properly only if the valve 
member seats tightly. 

2. Relief valves with overflow devices (Lype T52) and pressure 
valves (type [54) are designed to maintain a definite pressure and also 
to protect the system against overloads. In their adjustment, see that 
the oil can drain to the tank only through the valve and that they 
are clean of foreign matter. 

3. Reducing valves with pressure adjustment devices (type P57) 
are designed for pressure reduction in a hydraulic system to obtain 
a constant pressure (in an auxiliary line), reduced in comparison 
with the pressure developed by the pump (in the main line). Clock- 
wise rotation of the adjustment screw will increase the pressure aiter 
the valve. 

4. Throttle valves with flow control (type [77) and throttle valves 
(type [55) are designed to regulate the travel speed of hydraulic 
units by changing the cross-section of the slit in the throttle valve 
through which the oil passes. Clockwise rotation of the dial should 
increase oil flow (otherwise the movement of the valve member in 
the body must be checked, as well as the operation of the spring). 
If oil flow through the throttle valve stops, clean the slit by turning 
the dial to each side several times. 
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§ 69. TOOL RESETTING 


Resetting in automatics and semi-automatics comprises the re- 
placement of dull tools and adjustment of the new (sharpened) tools. 

Resetting frequency depends chiefly on tool life. The longer the 
cutting tools operate without dulling, the less frequently they require 
resetting. 

On the other hand, tool life decreases with an increase in the cut- 
ling speed. 

Cutting speeds and feeds are usually selected in accordance with 
the economic tool life 7,. which is calculated for machining steel 
by the formula: 


T= h(m—1)t,, min (03) 


r 


in which & is the number of tools in the setup; 
m equals 5 for high-speed steel tools and 4 for carbide 
tipped tools; 
t.. is the time in min required to reset (adjust) one tool 
For resetting, the machine should be stopped in that part of the 
cycle where all of the operative units (slides, etc.) are withdrawn to 
(heir initial positions and the tools are retracted from the work. 
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F i g. 95. Fixtures for preset tooling. 
a, ¢, d, and e—for single-point tools, b-—for centre tools. 
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Failure to observe this condition may lead to tool breakage and to 
rejection of the workpiece being machined. 

In complete resetting of multiple-spindle automatics or semi- 
automatics, it is necessary to finish the machining operations in 
all of the spindles before stopping the machine. In stopping the 
machine, observe the following order: first disengage camshaft ro- 
tation and then switch off the main drive. 

Resetting, in many Soviet plants, is done in accordance with a 
planned schedule (scheduled resetting), i. e., when a definile period 
of time has elapsed. It is desirable to do all resetting at lunch time 
or after work when the machines stand idle. Scheduled resetting 
reduces time losses; it increases the utilisation of machines and their 
rate of production. 

Special interchangeable tool holding devices, which can be quick- 
ly replaced and in which the tools are accurately preset from master 
gauges, will reduce idle time of the machine during resetting. In 
this case the entire holder with the presct tools replaces an identical 
holder. Such an arrangement is known as preset tooling and it sharp- 
ly reduces resetting time. 

Fixtures for accurately setting single-point and centre tools (drills, 
counterbores, core-drills, etc.) are illustrated in Fig. 95. After ad- 
justing the position of the tool in the holder, the latter can be in- 
stalled on the machine without further adjustment to the work size. 


CHAPTER II 
SPOILAGE — TYPES, CAUSES, AND PREVENTION 


§ 70. TYPES OF SPOILAGE 


Spoilage may be prevented only when each operator knows what 
causes the various types of spoilage and is able to quickly eliminate 
them. 

In general, spoilage may be classified as follows: 1) spoilage due 
to poor-quality blanks or stock, 2) spoilage in setting up, and 3) 
spoilage during operation. 

Spoilage due to the quality of the blank obliges the material to be 
inspected to discover fissures, laps, haircracks and other external 
defects. 

Heavily distorted bar stock, as well as bars on which scale and 
Durrs at the ends have not been removed, should never be used in 
automatics as they will cause premature wear and breakdowns. Each 
case of defective stock or blanks should be reported to the foreman. 

Spoilage in setting up is due to the necessity of making one or 
several trial workpieces before the cutting tools have been finally 
adjusted to the size of the work. 
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Spoilage in setting up may be reduced by various measures, among 
the first of which, are the use of master samples and preset tooling 
(see § 69). A master sample should have an extension for clamping 
in the collet or chuck. 

When the most accurate operations on multiple-spindle automatics 
and semi-aulomatics are not performed in the last positions, a con- 
siderable amount of spoilage may result in setting up, since errors 
will be discovered only in the last position and all the blanks in the 
preceding positions will be spoilage. In the latest Sovict models, 
provision has been made for removing and measuring the work in 
any position. This enables the amount of spoilage of this type to 
be sharply reduced. 

Spoilage during operation may be the result of: (a) the machine being 
out of order, (b) defects in the setup, (c) cutting tools being in bad 
condition, and (d) measuring tools being in an unsatisfactory con- 
dition. 

Defects in the operation of the machine are one of the principal 
reasons for spoilage. ‘Therefore, when rejects appear, the first thing 
to do is to check work spindle rotation, clearance in the spindle 
bearings and in the slide ways, locking of the spindle carrier and other 
unils that might affect the accuracy of dimensions or geometrical 
form of the rejected work. Upon the completion of these measures, 
automatics should be subjected to an accuracy test (see § 137). 

A defective selup may cause spoilage because the culling tools 
are set to the upper (for shafts) or lower (for holes) limits. In this case, 
even after the slightest wear which appears after machining a small 
number of parts, the cutting tools will produce work of a size not 
within the tolerance limits. This can be illustrated by an example: 
iu shaft is to be turned to the diameter 20_,., mm (i. e., wilh a tol- 
erance of 0.40 mm); properly sized parts will have diameters from 
[9.90 mm to 20 mm. If the cutting tool is set for the dimension 19.90, 
il will produce work of the proper size until its culting edge has a 
wear of 0.05 mm (19.90-+2 x 0.05=20 mm). If, on the other hand, the 
(ool is set to the size 20 mm, it will produce rejects after the slightest 
wear, for example, 0.005 mm (20-2 x 0.005=20.01 mm). 

The following rule is useful in this connection: in setting up, set 
fools machining external surfaces near to the lower tolerance limit 
and tools machining holes, to the upper limits. 

Spoilage may also be a result of low-quality tools or poorly sharp- 
ened tools. Therefore, cutting tools must be carefully manufac- 
tured and ground. Especial care is required in the production and 
maintenance of complex tools and form tools for finishing opera- 
ions, 

linished work is checked with measuring tools selected to suit 
(he required accuracy. If an accuracy up to 0.1 mm is required, a 
vernier caliper is used both for external and internal diinensions. 
lor an accuracy within 0.01 mm, a micrometer is employed. 


181 


Work machined on automatic and semi-automatic lathes is usu- 
ally inspected by plug and snap limit gauges. These tools are based 
on the principle of checking a dimension, not by measuring its actual 
size, but by determining whether the actual size is within the per- 
missible limits (see Fig. 85). 

If, for example, the nominal size is 20 mm and the tolerance 
is—0.10mm, all parts with diameters from 19.9 to 20 mm will be within 
the specified tolerance. In this case, a snap gauge for this part 
will have two dimensions, 19.9 and 20.0 mm, at the two sides. The 
side with the 20 mm dimension should pass over all parts within the 
tolerance. ‘This is called the GO side. The other side with the 19.9 mm 
gap is called the NOT-GO side and will not pass over parts that 
are within the tolerance limits. 

If a hole of the same size is inspected, the ends of the plug limit 
gauge will have the same two sizes as above except that 19.9 mm will 
be the GO end and 20 mm—the NOT-GO end. 

Measuring instruments (see Fig. 86) are convenient and highly 
productive for certain types of inspection. They are widely used in 
Soviet engineering plants. 

Measuring tools and instruments require most cautious handling. 
They should be carefully oiled and wiped dry. Large forces must 
never be applied to measuring tools and instruments. They should 
be thoroughly checked at definite periods according to a schedule. 


§ 71. CAUSES AND PREVENTION OF SPOILAGE 


Table 14 lists the most frequently encountered types of spoilage, 
their causes and methods of their prevention. 


Table id 
Types, Causes, and Prevention of Spoilage 


Type of spoilage Causes Methods of prevention 


4. Out-of-round-| a) Work spindle runs| a) Adjust spindle bearings 
ness of external or| out of truth. and eliminate runout. 
internal diameter. 


b) Spindle bearings are} b) Worn sleeve bearings are 
worn or incorrectly | to be rescraped and spindle ro- 
mounted. tation is to be adjusted. If anti- 

friction bearings are worn, check 
their mounting. Excessively 
worn bearings with large clear- 
ances should be replaced. 
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‘T'ype of spoilage 


‘) 
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ternal 


Taper in ex- 
cylindrical 


ourfaee,. 


‘) 
on, 


hole. 


Taper 
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Face surface 


square 


with 


avis of work, 


(Continued ) 


Causes Methods of prevention 
c) Allowance is not uni-| c) Improve the blank, decrease 
form on the blank. eccentricity, increase the rigi- 


dity of the slide. 


d) Inaccurate (eecent-| d) Eliminate defects in cen- 
ric) centring. tring. 


e) Distortion of work by 


e) Adjust clamping force. 
chuck jaws. 


a) Lack of parallelismof| a) Eliminate lack of paral- 
longitudinal slide ways or] lelism or lack of squareness of 
lack of squareness of cross | slide ways. 
slide ways with spindle 
axis. 


b) Defect in setting b) Correct tool setting. 
broadnose tool in cross 
slide. 


c) Eliminate misalignment 
and check alignment of centres. 


c) Headstock and _tail- 
stock centres not in align- 
ment. 


d) Workpiece is set up 
incorrectly or possesses 
insufficient rigidity. 


d) Eliminate deflection of 
overhanging work  picces by 
supporting end with centre or 
in steadyrest (or rollers). 


e) Tool wear (for long 


ce) Use carbide tipped tools. 
work). 


ee | eS | 


a) Same as for external tapers. 


b) Core drill, twist drill} b) Adjust tool into alignment 
or reamer is incorrectly | with spindle axis. 
sect up. ~ 


a) Inaccuracy of the ma-| a) Eliminate lack of square- 
chine. ness of cross slide ways. 


b) Cutting tool isincor-| b) Set up spotfacer in proper 
rectly set up. alignment on end-working (lon- 
gitudinal) slide. 
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(Continued ) 


Type of spoilage Causes Methods of prevention 


| 


c) Incorrectly clamped} c) Align clamping device, 
work or lack of rigidity | eliminate excess clearance in 
of work spindle. spindle bearings and distortion 

of work in clamping device. 


d) Insufficient width of | d) Use wider cut-off tool. 
cut-off tool. 


5. Barrel form Insufficient rigidity of Eliminate deflection of the 
(larger diamcter in | the work. work (use a steadyrest, roller 
middle of cylindri- or other support). 
cal su face). 


6. Variations in} a) Excessive clearances| a) Adjust spindle bearings; 
diameter of exter-|in spindle bearings and| adjust taper and flat gibs of 


nal end _ internal! slide ways. slides. 
surfaces of the 
work. 
b) Rapid tool wear. b) Check tool angles and 
grinding; use carbide tipped 
tools. 


c) Bending of single- 


c) Reduce tool overhang in 
point tools in the holder 


the holder. 


d) Machining allowancc| d) Tighten spindle bearings, 
varies for different blanks | reduce clearance in slide ways, 
use more rigid tool holders and 

cutting tools. 


e) Stops “give” or ae e) Reduce overhang and 
incorrectly set up. adjust stops, tighten clamping 
bolts of the stops. 


f) Poorly clamped cross| f) Check and clamp cams 
slide fecd cams. rigidly. 


g) Inaccurate indexing| g) Check and adjust the lock- 
and Iccking of spindle |ing mechanism. 


carricr. 
h) Excess loadon finish-|__h) Reduce depth of cut for 
ing tool. finishing tool by increasing 
depth of cut for the roughing 


tool. 
| 
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(Continued ) 


Type of spoilage Causes Methods of prevention 


— 


7. Variations in| a) Axial slip in spindle 
axial dimensions of | bearings. 
the work. 


a) Draw up thrust bearings. 


b) Axial slip in spindle 
carricr. 


b) Draw up or rescrape gibs 
of spindle carrier. 


c) Adjust stock feeding me- 
chanism. Reduce overhang of 
stock stop. 


c) Rebound or overrun 
of bar stock being fed 
to the stop. 


d) Poorly clamped longit-| d) Clamp cams rigidly. 
udinal feed cams. 


c) Insufficiently clamped 
bar stock. 


e) Adjust stock chucking me- 
chanism. 


8. Misalignment | .a) Misalignment of axes! a) Check alignment and make 
of hole axis. of hole machining tool and | the required adjustments. 
work spindle. 


b) Cutting forces of] b) Machine internal and exter- 
tools for machining exter- | nal surfaces simultaneously. 
nal and internal surfaces 
are directed oppositely 
(clearance is taken up in 
| Opposite directions). 


). Errors in ferm] a) Distortion of work} a) WReduce clamping force. 
surfaces, by clamping. Change operation sequence; 
change clamping force before 

finishing operation. 


b) Circular form tool 
set up incorrcctly. 


b) Set circular tool to centre. 


¢) Workpiece lacksrigi- | c) Alter design of chucking 


dity. device. 
| 
1. Rough sur-| a) Tool nose radius too a) Increase nose radius or use 
Pace, small. tool form devised by VY. A. 
Kolesov. 


b) Grind and lap cross cutting 


b) Dull cross cutting 
form tool. 


tool. 


c) Grind tool to suit material 
being machined. 


c) Incorrect tool cut- 
Iting angles. 


d) Select cutting fluid as per 
instructions. 


d) Incorrect cutting 
fluid. 
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(Continued ) 


Type of spoilage | Causes Methods of prevention 


) 


a) Set tool on centre, clamp 
firmly, reduce overhang, 
increase cutting specd. 


41. Chatter marks; a) Tool vibration due 
on machined sur-| to setting off centre, poor 
face, clamping, large overhang 

of tool, large tool width 
for small speed. 


b) Reduce distance between 
work supports, reduce overhang 
of work and chip cross-section. 
Use a steadyrest. 

c) Eliminate excess clearan- 
Ces. 


b) Work vibration due 
to lack of rigidity or 
incorrect clamping. 


c) Vibration of machine 
units due to excessive 
clearances in bearings and 
ways. 


Set tool slightly above centre 
for external and slightly below 
centre for internal surfaces. 


42. Surface mar-| Tool cuts helix when it 
red by helical line. | is withdrawn. 


13. Thread is cut | a) Heavy spring in| a) Release spring somewhat. 
off by tool. thread-cutting attach- 
ment; thread is cut off 


at very start. 


ee Deed ieee 


b) Tool feeds fasterthan} b) Lower curve off cam for 
the thread. cutting and running out of 
thread. 


c) Spindle is reversed| c) Adjust cam to properly time 


incorrectly. spindle reversal. 

14. Torn thread.| a) Incorrect cutting| a) Grind tool to suit material 
angles on thread-cutting | being’ machined. 
tool. 


| b) Wrong cutting fluid. b) Change cutting fluid. 


15. Teat is left on} Cut-off tool is set| Set tool correctly. 
work after cutting | incorrectly: 
off. 1) does not reach centre 
of work, 
2) above or _ below 
centre. 
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Part Three 


DESIGN OF REPRESENTATIVE AUTOMATIC 
AND SEMI-AUTOMATIC LATHES 
AND HOW THEY ARE SET UP 


CHAPTER I 


AUTOMATIC CUTTING-OFF MACHINES 
AND SWISS-TYPE AUTOMATIC SCREW MACHINES 


§ 72. MACHINING SEQUENCE FOR AUTOMATIC CUTTING-OFF 
MACHINES 


Automatics of this lype are designed for the mass and large lot 
production of comparatively short work from 3 to 20 mm in diameter 
(Fig. 96). 

Several models of these automatics are manufactured in the So- 
viet Union. Some operate on bar stock while others use coils of 
wire. 

Both coil- and bar-type automatics are among the simplest machine 
tools designed for forming and cutting off comparatively short work- 
pieces with cross-feeding tools (see Fig. 13). Longer work, in which 
only the ends are machined, may be effectively produced by form- 
turning the rear end of one workpiece together with the front end 
of the next workpiece (Fig. 97). Special attachments are employed if 
holes or thread are required on simple parts. The bar stock is fed 
out with a cam mechanism and a feeding tube and finger actuated 
by a spring or a weight. The bar is fed out to the full length of the 
work plus the width of the cut-off tool. 

The machining sequence for automatic bar-type cutting-off machines 
ix designed to comply with the following cycle of machine opera- 
lions: 

1) Stock stop advance to the working position on the line of cen- 
(res, 2) stock feed to the stop, 3) stock chucking, 4) stock stop with- 
drawal, 5) rapid approach of the toolslides, 6) working feed of the 
(oolslides, 7) rapid return of the toolslides, and 8) release of the stock. 

In accordance with the construction of the automatic and the time 
required for the various auxiliary operations, items 4 and 95, and 7 
und 8 may overlap completely or to some extent. 

Table 11 illustrates a typical example of part machining on the 
coil-type automatic. In these inachines (Fig. 98), turning is performed 
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nee) by single-point tools which rotate about 

el the axis of the stationary workpiece, 

clamped at three places by the front and rear 

fF -- HD chucks and a spring collet inside the ma- 
chine spindle. 


Fig. 97. Tooling layouts for automatic cutting-off 
machines. 


pH =% a and b—o a bar-type automatic, c—cn a coil-type 


automatic. 


Ye 
ceomees LA, § 73. AUTOMATIC CUTTING-OFF MACHINE, 
Fig. 96. Typical MODEL 1106 
work machined on S . : : 
automatic cutting- he automatic cutting-off machine, model 
off machines. 1106, (Fig. 98) is a single-spindle coil-type 


automatic. It can be used for producing 
parts of round, hexagon, or square wire. It will accommodate work 
up to 8 mm in diameter and 100 mm in length. 

As differing from automatics which turn work of bar stock, the 
wire stock in model 1106, loaded into the machine in a coil, does not 
rotate during operation. It is held (see Fig. 98) by three chucking 
devices (rear chuck, front chuck, and the spring collet in the spindle) 
while the culting tools, mounted in a rotating cutter head (Fig. 99), 
are fed crosswise at feeds independent of each other. While the work 
is being machined, the slide with seven rollers travels from right to 
left, straightening the next length of wire. When the turning is 
finished and the work is cut off, the tools in the cutter head withdraw, 
the chucking devices open, and the straightener slide, travelling 
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from left to right, feeds out the wire stock on the preset length, 
pushing the preceding workpiece out of the front chuck. 

All movements of operative and auxiliary units are actuated 
from the camshaft whose speed is set up by change gears. The 
spindle with the cutter head is driven from the motor through 
a flat belt. The camshaft is powered from the same main-drive 
motor through spur ard bevel gearing, change gears and worm 
gearing. Cams mounted on the camshaft and their purposes are 
shown in Fig. 98. 

Model 1106 automatics are high production machines which op- 
erate almost silently since the stock does not rotate as in bar machines. 
The machine operates with high accuracy and the end of the work is 
trimmed off leaving no teat in cutting off. This is due to the fact 
that the workpiece remains clamped until it is completely severed 
from the wire stock. 

Setting up these machines is a simple procedure, adjustments and 
resetting are seldom required since a very large number of pieces may 
be made of one coil of wire. 

In planning the tooling layout, the processing engineer must try 
to have all the roughing done by one tool and finishing by the other. 
Cutting off is best performed at the end of the finishing cut. Since 
the workpiece is clamped on both sides of the machining zone, the 
work is layed out so that the rear end of one workpiece is turned 
simultaneously with the front end of the next. 

A tooling layout and operation sheet for turning a centre on the 
model 1106 aulomatic are given in Table 11. 

The wire stock is fed out an amount equal to the length of the 
work (12 mm) plus 0.8 min for the cut-off. 


§$ 74. MACHINING SEQUENCE FOR SWISS-TYPE AUTOMATIC 
SCREW MACHINES 


On Swiss-type automatics, machining is performed by stationary 
or cross-fed single-point tools in conjunction with longitudinal work- 
ing feed of the bar stock. As a rule, turning takes place directly at 
«i guide bushing or steadyrest supporting the stock. Longitudinal 
feed is obtained by movement of the headstock or of a quill carrying 
(he spindle. Stepped, tapered, and formed surfaces may be obtained 
by a combination of cross and longitudinal movement without using 
special form tools. 

Swiss-type automatics are designed chiefly for turning long stepped 
work of complex form (Fig. 100) from 4 to 25 mm in diameter. 

High machining accuracy is a feature of Swiss-type automatics. 
With proper maintenance, an accuracy up to +0.005 mm may be 
attained but practical repeated accuracy is within 0.01-0.02 mm 
for diameters and 0.02-0.03 mm for length dimensions. 
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Special requirements are made to bar stock quality, for these aulo- 
matics, to ensure high work accuracy. Bar stock should be first 
ground on a centreless grinding machine. This recommendation 
will ensure a diameter accuracy of 0.01 to 0.02 min in accordance 
with the size of the stock. 

Many special features are involved in Swiss-type automatic turn- 
ing operations (sce Fig. 18). Cylindrical surfaces are turned by tools 
clamped in the front and rear lower (rocker-arm) toolslides. Precise 
cylindrical surfaces are always turned by a tool which is held against 
a positive stop during the cut (after the cross approach movement). 


Fig. 100. Typical parts produced by Swiss-type automatics. 


Narrow cylindrical surfaces or recessed surfaces may be turned 
by cross-fed tools without longitudinal bar feed (stationary head- 
stock). 

In cases when the machined surface is far from the guide bushing 
or steadyrest, the front end of the work should be turned with longi- 
tudinal movement al a comparatively low rate of feed. The use of 
«a wide-nose tool in this case will spring the work, causing error in 
the diameter. It will also cause heavy vibration and, consequently. 
a poor surface finish on the work. 

Stepped cylindrical external machining may be performed by a 
single tool. Before the headstock or spindle quill is fed, the tool 
approaches the position for the smallest diameter and remains sta- 
tionary until the first step is completed. After this, the headstock 
stops (or is even retracted slightly) while the tool is withdrawn to 
a new position corresponding to the diameter of the second step. 
Then the headstock is again fed forward by the length of the second 
step, ete. 

Form tools may be used for turning narrow sections near to the 
guide bushing. Formed and tapered surfaces turned with these tools 
will be less accurate and have a poorer surface finish than surfaces 
machined by the second method (with longitudinal feed). 

Machine parts often have grooves or shoulders with small recesses or 
inlernal tapers on a face surface (see position 8, Fig. 18). These are 
machined by feeding in the tool with the headstock stationary. Then 
the headstock is fed forward or backward by the required amount. 
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After turning the tapered recess, the headstock is reversed to retract 
the tool from the recess so that it can be withdrawn from the work. 

Small holes are drilled by one-, two-, or three-position attachments, 
with or without drill rotation. 

The drill is often rotated in the reverse direction to increase the 
culting speed. 

The main requirement to obtain accurate holes is that the work 
and drill axes exactly coincide. For this purpose, a spotting operation 
should precede the drilling. Shallow holes may be drilled without spot- 
ting. Drilling is best performed at the beginning of the operation when 
the work does not project far out of the guide bushing or steadyrest. 

In deep-hole drilling, the drill is withdrawn periodically to re- 
move chips and to cool the drill. As the hole becomes deeper, the drill 
is more frequently withdrawn. A deep-drilling cycle of this type is 
obtained by a corresponding design of the drilling attachment cam. 

Thread is usually cut with rotation of the work and the cutting 
tool in the same direction. The relative speed of rotation, which 
determines the cutting speed, is the difference between the work and 
tool speeds. Tool speed exceeds the work speed for cutting right- 
hand thread (tool leads the work). For left-hand thread, the cutting 
tool must lag (rotate slower than the work). 

The finished work is cut off by feeding in the cut-off tool with the 
headstock stationary. After cutting off, the cut-off tool is often used 
as a stock stop to feed out the bar. 


§ 75, SWISS-TY PE AUTOMATIC SCREW MACHINE, MODEL 1A10II 


The model 1A10II automatic comprises the following principal units 
(Fig. 101): base and drive, bed with ways along which the headstock 
travels at the right-hand side, tool frame with three upper (overhead) 
toolslides and a double lower toolslide or rocker arm, supplemen- 
lary tooling devices, as well as units for loading and stock chucking. 

Gear Trains (Fig. 102). Rotation is transmitted from the 1.7 kw 
3-phase induction motor (1,420 rpm) through the change pulleys D, 
and D, to the main transmission shaft J. A long plain aluminium 
pulley, 120 mm in diameter, is mounted on this shaft. From it, ro- 
(alion is transmitted through a flat belt to the 60 mm pulley on the 
work spindle. A long pulley enables the belt to shift during headstock 
travel. The motor belt is tensioned by adjustment of the motor base 
while the spindle drive belt is tensioned by an idler pulley. 

The spindle speed is determined by the formula: 

Dax 120 
Dz x60 
in which 7, is the motor shaft speed in rpm; 


D, is the diameter of the motor pulley in mm; 
D, is the diameter of the transmission shaft pulley in mm. 


i= A = 1,420 = 2.840 24 rpm, 
B Dz 
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‘The camshaft is driven through the following gear train: from a 
section C, D, E, or F of the four-step pulley on the transmission shaft, 
rotation is transmitted by a V-belt to the corresponding section, GC, 
H, I, or J of the pulley mounted on shaft /7 of the worm reducing 
gear. From this shaft, rotation is transmitted further through worm 
gearing, change gears a and 0, belt drive, L, M-N, O (on shafts J// 
and /V), and a second worm gearing arrangement to the camshaft 
V. This gear train is engaged by a claw clutch on the shaft of the 
second worm. Another claw clutch and a crank handle are mounted 
on shaft JV which passes through the hollow worm shaft. When the 
lever with the shaft is shifted away from the operator, power feed 
is disengaged and hand feed is engaged. 

The drilling and threading attachment spindles, slotting and 
other attachments are driven through a belt from a pulley mounted 
on the transmission shaft. 

The camshaft speed is set up by means of the change pulleys D, 
and D,, by shifting the belt on the stepped pulleys, and by the change 
gears a and b. The cycle time and the rate of production are deter- 
mined by the formulas 

T.=— sec; QV=n,, pes per min; 
cs 
Q,=Nes N pes per min. 


General Arrangement. The automatic has a box-shaped cast- 
iron base. The base encloses the main drive with the motor mounted 
on an adjustable plate secured to the rear wall. Adjustment of the 
plate provides for proper tension of the flat belt from the motor to 
the transmission shaft. The cutting fluid tank is located in the left- 
hand part of the base while an electrical equipment cabinet is arranged 
in the upper right-hand section. The upper part of the base serves as 
a chip pan. The transmission shaft is also mounted in the base. 

The worm reducing gear, secured to the rear inside wall of the 
base, transmits rotation to a transverse shaft and further through 
change gears to a second shaft which mounts a two-step pulley on 
its left end. From here, rotation is transmitted further through worm 
gearing to the camshaft. 

The bed, mounted on the base, has ways at the right-hand end 
for headstock travel. The tool frame is fastened on the upper surface 
of the bed which mounts the various attachments at the left. The 
camshaft is mounted at the back of the bed. It carries the worm wheel 
which is driven by a worm. A shaft passing through the worm has 
a crank handle on one end for hand feed and a two-step pulley with 
a claw clutch on the other end for power feed. When this shaft is 
shifted toward the operator, the claw clutch meshes with the clutch 
teeth on the face of the worm and the camshaft begins rotating. Hand 
feed is engaged by pushing the shaft in the opposite direction. In 
this case the hand feed crank handle is engaged to the worm. 
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Fig. 102. Gearing diagram of the model 1A10II automatic. 


(Cams: /—for attachments, 2— for rocker arm, 3—{fcr upper toolslides, 
4—for stock chucking, 5 —{fcr headstock travel): 


Ng=Nm pixies 1,420 pix tit=2, 840 “a rpm; 
1 revolution of the camshaft FXBXEXE BEX ae =Meyete’ 
in which 5 is cne of the pulley diameter ratios = ; ae = ; or ; 


a! is one of the pulley diameter ratios 
4 
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A plate cam for headstock feed and a drum with cams for actuating 
the chucking device are mounted on the right end of the camshaft. 
The cams may be set up on the drum in an annular T-slot to suit the 
required cycle. Plate cams for controlling the overhead toolslides 
and the rocker arm are mounted at the left end of the camshaft. Ra- 
dial slots in the overhead toolslide cams facilitate quick cam changing. 

An equal-arm lever on the right end face of the bed transmits 
motion to another lever 4 (Fig. 101) with a roller on its end. Motion 
is transmitted from this roller to a shoe secured to the headstock. 

The roller can be adjusted along a vertical slot to change the arm 
ratio of the lever from 1: 1 to3: 1. This adjusts the length of head- 
stock travel. 

Headstock (Fig. 103). The bar stock, held in the rotating spindle, 
obtains its longitudinal feeding motion from headstock travel. 

The base of the headstock housing is of dovetail form and slides 
in the bed ways. Longitudinal feed of the headstock is effected by a 
plate cam through a lever system. Rapid withdrawal of the headstock 
to its initial position is actuated by spring action. 

The spindle is driven by a flat belt. Its front support is a plain 
bronze bearing, the rear support comprises two angular contact ball 
bearings of class A accuracy. The front bearing is mounted on a taper 
bore of the headstock housing. The required oil-filled clearance is 
obtained by adjustment with nuts. Excess clearance in the ball 
bearings is also eliminated by a nut. 

Stock is chucked bya slotted rocker arm and a sliding block linked 
to an arm of a shifting fork. The ends of the fork shift a sleeve with 
a ball bearing. The latter moves a tapered bushing along the spindle 
to spread the ends of the collet operating levers. 

These levers, located in slots of the spindle, shift the collet sleeve 
through the collet tube. In its forward movement, the collet sleeve, 
having an internal taper, closes the spring collet firmly on the bar. 
The collet sleeve is shifted in the other direction by spring action. 
The clamping force of the chuck is adjusted by a nut which is locked 
in the required position by a screw. 

The internal end face of the spindle nose cap is the bearing surface 
of the spring collet. The collet is changed by unscrewing the cap. 

The bearing surfaces of the dovetail ways are lubricated with a 
gun through ball-type fittings. 

The front and rear bearings are lubricated by wick-feed oilers 
mounted in the headstock housing. 

All other points of lubrication are served by ball-type oilers. 

The tool frame (Fig. 104) is a casting which carries the three over- 
head toolslides (see also Fig. 37 6). 

The three slides are of identical design. Each consists of a cast- 
iron body with dovetail ways and a cylindrical shank. The latter 
fits a bore in the tool frame casting. The slides proper, with the tool- 
holders, travel along the ways of the slide bodies. Tools are clamped 
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Fig. 103. Headstock of the model 1A10II automatic. 


1—bore for the steadyrest ‘ bushing assembly, 2? — tooling frame, 

3 — spring collet, 4 — collet operating sleeve, 5 — collet operating levers, 

¢ — spindle drive pulley, 7 — lever system of fork 8 for actuating levers 

5 9 — upper cover, 10 — mbar tates ee sliding in dovetail ways of 
the_bed 21. , 
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in the holders with a screw and a swinging clamp. The cutting tool 
has three adjustments: to the depth of cut (by an adjusting screw and 
dial graduated in 0.01 mm divisions), along the axis of the work, and 
to the centre of the work. 

The feed motion of each vertical (overhead) tool is obtained from 
a plate cam through a system of levers. Toolslides are retracted by 
springs. 

A slide block may be adjusted along a slot of one of the feed levers 
to obtain lever arm ratios from 2: 1 to 1: 4 and to change the slide 
travel in this manner. 

The stationary steadyrest is located in the centre of the tool frame. 
It aligns and supports the bar stock. 

The steadyrest comprises a taper sleeve, inserted in a bore of the 
tool frame, which accommodates a split, externally-tapered bushing. 
A split liner of cemented carbide, grade BK-8, with a lapped inside 
surface, is brazed into the hole in the bushing. 

Rocker arm. The double toolslide or rocker arm (Fig. 105) is 
pivoted on a taper pin in the lower part of the tool frame (see also 
Fig. 37 a). Cutting tools may be set up to the centre of the work and 
to the required depth of cut. 

A bracket, fastened to the rocker arm, has follower toes that con- 
tact plate cams on the camshaft. A spring holds the toes tightly against 
the cains. An adjustable positive stop, arranged on the right-hand end 
of the rocker arm, enables a highly accurate size to be obtained in 
turning operations. 

The device for feeding out the bar stock is also designed to hold 
the bar against a stop when the headstock is retracted. It consists 
of a column, stock tube, and a hinged bracket. 

The column housing (see Fig. 101) mounts a rod which carries an 
axle with rollers and a bracket. The latter supports the stock tube. 

The hollow column contains a weight hung on the end of a wire 
rope wound on a roller. Another wire rope, passing through the roll- 
ers, Is secured to the side-pin of the stock pusher. Thus, the weight 
forces the pusher along the stock tube. 

The stock tube has a longitudinal slot into which the pusher side- 
pin enters. The side-pin bears against the end of the bar stock and 
holds it against the stop when the chuck is open and the headstock 
is being retracted. The cut-off tool serves as the stock stop in this case. 

When the whole length of bar stock is used up, the pusher side- 
pin approaches the pin of a lever. The other end of this lever trips 
the button of a microswitch when the lever is turned by the pusher. 
This switches off the main drive motor. 

In restocking the automatic, the bracket, in which the end of the 
tube is held, is swung to the side so that the butt end of the stock 
can be removed and a new bar inserted. 

The coolant system consists of the pump and pipeline. Cutting 
fluid is delivered from the tank to the cutting tools by the pump 
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secured to the machine base on the camshaft side. The pump is 
driven from the motor through a round belt. 

Guards and shields. All rotating pulleys are enclosed by guards 
which may be easily removed when required. The working zone of 
the automatic, flooded with cutting fluid during operation, is 
enclosed by hinged shields of transparent 
organic glass. 

The electrical circuit is shown in the 
diagram (Fig. 106). Here remote motor 
control with a magnetic starter has been 
{fy oe applied. 

MLS The circuit is connected to the power 
7 supply by the main line rotary switch. 

Fuses protect the system against short 

circuits. The three-phase A. C. motor, type 


, Power 
Supply 


Fig. 106. Electric circuit 


N : 
oI] CLS 7 (line) diagram for (he mode] 
Whee {A40I1 automatic 
apne EM— electric motor, M —- mag- 
netic starter, OL—thermal over- 
A 0 -4f/4 load relay, MLS — main line 


switch, LSS — limit switch for 

end of stock, LSB — limit switch 

e for belt a T — work light 

. transformer, — work light 
Dri ve switch, WI — work light. 


AO-41/4, used in the drive, has a power of 1.7 kw and a speed 
n,—1,420 rpm. 

The motor is protected against prolonged overloads by the ther- 
mal relay OL. 

The control circuit, which contains the coil of the magnetic starter 
M, comprises the normally closed contact of the “Stop” push- 
button, the normally open contact of the “Start” push-button and 
the normally closed contacts of the limit switches LSS and LSB. 

Upon pressing the “Start” push-button, the magnetic starter coil 
is energised and the starter is closed. This closes the contacts for 
switching on the motor, as well as the auxiliary contact M of the 
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holding circuit. The latter bypasses the normally open contact of 
the “Start” push-button. 

Limit switches ZSS and LSB shut down the automatic when they 
are tripped; the first operates when the bar stock is used up and the 
second when the drive belt breaks. 

The work light WZ is supplied from a low voltage circuit (36 V) by 
a step-down transformer 7. 

The work light circuit contains a single-pole fuse F-2 and a 
tumbler switch S. The wiring on the automatic is enclosed in 
flexible metal conduit. 


§ 76. SWISS-TYPE AUTOMATIC SCREW MACHINE, MODEL 1112 


The arrangement of the units and the gear trains of models 11112 
and 1A10I1 are the same. 

The base and drive of model 11112 differ from those on model 
1A10I1 by their increased rigidity and higher available power. Besides 
this, the camshaft of model 11112 has a high rotation speed for all 
idle inotions, i. e., the camshaft is driven through two gear trains. 
One train is for working rotation and working feed while the second 
is for the idle (handling) motions. 

The high speed friction clutch for camshaft rotation is automati- 
cally engaged and disengaged by the cams of a drum mounted on the 
camshaft. 

The chucking mechanism of model 111/12 is the same as those 
usually employed on automatic screw machines of the turret type 
(models 1A124, 1A136, etc.). 

In principle of operation and design, the tool frame assembly and 
rocker arm of model 11[12 resemble those of model 1A(10II but are 
heavier and much more rigid, providing for high machining accuracy. 

The following attachments are employed on Swiss-type automatic 
screw machines: 1) single-, two- and three-spindle drilling attach- 
ments, 2) single- and two-spindle threading attachments, 3) screw 
slotting attachment, and 4) precision turning attachment. 

Installed attachments in no way hinder the operation of the prin- 
cipal units and mechanisms. 

Drilling and threading spindles are more universal in application. 
They are included as standard accessories and furnished with 
each machine. The other attachments are designed for less frequently 
used operations and are available on special order only. 


§ 77, SWISS-TYPE AUTOMATIC SCREW MACHINES, MODELS 110 AND 112 


Automatics, models 110 and 112, are of identical design and differ 
only in their bar capacity (Table 15). As concerns their arrangement, 
principle of operation, and setting up methods, they resemble the 
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above-described models 1A(10II and 11112 (see Fig. 16). Particulars 
in the design and kinematic arrangement differ to some extent. 
The drive of these automatics is enclosed in the cabinet-type 
base which supports the bed. The upper part of the base is a pan for 
catching cutting fluid, chips, and finished parts. From the flange- 
mounted motor, rotation is transmitted through a V-belt drive to 
the intermediate shaft. An idler pulley is employed to tension the 
belt. Power is transmitted to a pump from the same motor, by a 
chain drive. From the intermediate shaft, rotation is transmitted 
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Fig. 107. Headstock of the model 110 auto- 
matic. 


through change gears to the countershaft. The spindle is driven 
by a flat? belt from a long pulley on the countershaft. This belt is 
tensioned by a lever with an idler pulley. The lever is adjusted by 
a knob brought out on the front wall of the machine. 

Pulleys for driving the camshaft and the slotting and threading 
attachments are also mounted on the countershaft. 

The base is designed with an integral cutting fluid tank to which 
cutting fluid flows from a sump. A limit switch, mounted on the 
front inside wall, is a safety device and switches off the drive motor 
if the drive belt breaks. The motor is normally switched on and off 
from a push-button station. 

These automatics have another limit switch which is tripped 
either by hand from a lever or automatically when the bar stock is 
used up or by the control mechanism of the threading or three-posi- 
tion attachments. 

The bed which is mounted on the base has internal transverse rib-- 
bing and bosses for mounting the camshaft and auxiliary attachments. 
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The headstock (Fig. 107) is located at the right end of the bed. To 
change the endless belt without disassembling the countershaft 
(Fig. 108), one side of the beit is inserted into slot 4, after removing 
screws 2. Then ring J is turned, and, with it, bearing 3. 

The collet tube is pushed forward to close the collet by levers with 
long arms. This arrangement facilitates tube retraction to the ini- 
tial position, when the collet is 
opened, with more reliability than 
in the construction employed in 
other automatics. 

Longitudinal headstock feed is 
accomplished by the mechanism 
illustrated in Fig. 109. A single- Fig. 108. Arrangement for changing 
edge cylinder cam 2 is mounted on belts on the drive shaft. 
the camshaft. It has a follower 
roller 3 on lever 4 which swivels on pivot 7. Pivot 7 is held in bracket 6 
fastened by screws to the end face of the bed. The pivot may be 
fitted into either of two holes (J and J//) so that either a smaller or 


Fig. 109. Headstock feed mechanism of the 
model 110 automatic. 


larger cam may be used. The toe § is secured in a slot in the left 
arm of lever 4. The position of the toe in the slot is adjusted by the 
mnicrometric screw 9. This varies the arm ratio of lever 4 and adjusts 
the length of headstock travel. Movement of lever 4 with the toe § 
auctuates the slider 70 together with the headstock 7 to which it is 
fastened with screws 5. The slider JO may be adjusted along a longi- 
tudinal slot of the headstock to position the latter in reference to 
(le steadyrest and toolslides. 
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Steadyrests of various design may be installed on the model 110 
automatic. They include the stationary type, rotary type with adjust- 
able hole size, and rotary type with self-adjustment of hole size (see 
Fig. 107). 

The reducing gear (Fig. 110) is driven from the countershaft pul- 
ley through pulley 5 on shaft 7. From the latter, rotation is transmit- 
ted through two pairs of change gears, 16-15 and 14-11, which enable 
the camshaft speed to be set up, and through the worm gearing to the 


Section CC 


Fig. 110. Camshaft ive of the model 110 automatic. 


i, 2, and 8—shafts of the drive, 4—hand operation shaft, 5—pulley, 6—worm shaft, 7— 

camshaft, 8—ways for the headstock, 9—hand operation gear, 10—power drive clutch, 11, /4, 

15 and 16 — change gears, 12 and 13—shaft and handwheel for hand operation, 17—double 
claw clutch with gear. 


camshaft 7. The camshaft may also be rotated manually from hand- 
wheel 78. For this purpose, shaft 72 is shifted until the gear of clutch 
17 engages gear 9, mounted freely on shaft 6. The claw clutch will, 
at the same time, be disengaged from clutch ZO and will engage the 
clutch teeth of gear 9. 

The camshaft is arranged behind the bed. Either a plate or cyl- 
inder cam may be used for headstock feed (see Fig. 109); other units 
are controlled by plate cams. 

Toolslides. Models 110 and 112 have a rocker arm (see Fig. 37 a) 
and two overhead toolslides (see Fig. 37 b). The horizontal slides are 
located on a single rocker arm as in models 4A(10II and 1II12 
(described above). The rocker arm is operated from a plate cam on 
the camshaft. 

In the front rocker arm slide the tool is set right side up; the tool 
is inverted in the rear slide. The tools are set to the work axis by 
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swivelling the overhead toolholders about a horizontal pivot. After 
this, the toolholders are clamped by the front and rear screws. Mi- 
crometric screws are provided for precise settings in the radial and 
axial directions. The two overhead slides may operate independently 
of each other. After setting the overhead slides in reference to the 
workpiece, they are tightly clamped by screws. 


§ 78. SINGLE-SPINDLE DRILLING ATTACHMENT 


The single-spindle drilling attachment (Fig. 111) used on the auto- 
matics, models 1A10fI and 11112, has a drilling capacity of 3 mm in 
steel and 4mm in brass. The maximum drilling depth is 30 mm. The 


6 7 10 


1 ae 
' i‘ ~~ =“ 

P | [apm SS us TP, igs Tre oA 

NA NAAN REWER IRARRHRAAA A ry AEE = =| 


dt zi F: 


PERRET] ia canals 
e 
Ws 


Wak ahibtidssse NC 
Q INN 
= SAN’, 
\ AS ees 
° sues ees 
= oo 


) --- eer irr [= 


mt 


ARYAN RS eS 


= Ra 4 
re oy om rms = ay iis a 7, OO AOD, va 
i A eA d - Ou imal 
p i cach —— - SSM _ WARNAAAAAANT OS 
« a / 


a | a e | i : 5 
13 M2 1 


iy. f71. Single-spindle drilling attachment for automatics, models 1A10II 
and 411112. 
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maximum spindle speed is 9,375 rpm. In construction, this attach- 
ment consists of the body 3, mounted on the eccentric pivet 2 of 
bracket Z and carrying the drilling spindle 9, sleeve S& and the 
spindle feed mechanism. 

The eccentric pivot enables the drilling spindle to be aligned with 
the work axis. A collet 70 for clamping the drill is arranged at the 
front end of the spindle. 

The drilling spindle is rotated from pulley 6 through two drivers 
5 and disc 4. The pulley runs freely on needle rollers on bushing 7. 
This relieves the spindle of the belt tension load. 

Longitudinal feed of the spindle is obtained through the coil 
spring 1/7. The spindle is withdrawn by coil spring 72 mounted 
directly on the spindle. 

In drilling deep holes of small diameter, the drill is repeatedly 
withdrawn from the hole. A special attachment 73 may be installed 
in a bore of the front bracket of the bed to provide for multiple with- 
drawal of the drill. 


§ 79. TWO-SPINDLE SWINGING DRILLING ATTACHMENT 


The two-spindle swinging drilling attachment used on automat- 
ics, models 1A10II and 11112, is designed for spolling, drilliig and 
enlarging holes, as well as for drilling deep holes of small diameter. 

The base of this attachment is mounted on a horizontal surface 
of the bed. It is located by two keys in a keyway and is fastened by 
two screws. 

The drilling spindle is driven from the transmission shaft (see 
Fig. 102). 

In operation of the right-hand drill, the spindle is driven by a 
large pulley; for the left-hand drill, the spindle is driven through a 
crossed belt from the small pulley (for medium diameters of drills 
or from the large pulley (for small size drills). 

This drilling attachment provides for drilling holes in steel from 
0.4 to 3 mm in diameter and from 0.4 to 4 mm in brass. The drilling 
depth is 30 mm. 

The body 76 is mounted on the eccentric pivot 77 in the base. 
Body J6 carries the stationary spolling spindle. The body of the 
rotary drilling spindle (Fig. 112) is mounted on another eccentric 
pivot. 

Plate cam J0, on the camshaft, has two lobes of different radius 
connected together with transition curves. Upon rotation of the 
camshaft, this cam swings the body of the spotting spindle, through 
lever /3, until the spotting and work spindle axes coincide. 

When roller 2 of lever 7 drops to the lesser radius lobe of plate 
cam /0, tension spring 9 swings both spindle bodies to the adjustable 
stop screw. In this position, the axes of the drilling spindle and work 
coincide. 
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Axial feed of the spotting spindle 78 is obtained Ly the rocking 
iever 72 which is controlled by the cylinder cam /7 on the camshaft. 
The rate of feed depends on the cam. The spolting spindle is retracted 
by spring actien. 

Drilling spindle feed is obtained by means of a tension spring 7, 
lever 4 and screw 3. In operation, lever 74, rocking on its pivot, is 
gradually retracted by cam 75 and t':us provides for uniform feed of 
the spindle with the drill to the full drilling depth. 

The drill is withdrawn by spring 5, mounted directly on spindle 6. 

Interchangeable spring collets for holding drills are inserted in 
the bore at the spindle nose and are closed by a draw-bolt. 

The position of the attachment is adjusted in a vertical plane by 
the eccentric pivots § and 77 in the spindle bodies and in a horizontal 
plane by a stop screw and spring 9. 

The attachment is lubricated by two wick-feed oilers, which must 
be replenished from time to time, and ball-type oilers. 

The automatic may also accommodate a different type of two- 
spindle drilling altachment in which the spindles are shifted to the 
working position, not by swinging as in the above-described attach- 
ment, bul by slide movement in a horizontal plane. 


§ 80. THREE-SPINDLE DRILLING AND THREADING ATTACHMENT 


This attachment for automatics, models 1A(0II and (11112, is also 
installed on a special pad on the bed and is located from a keyway. 

The device consists of a base with an eccentric pivot that mounts 
a body having three spindles running in plain bearings. A lever for 
shifting the body to either of the three working positions and another 
lever for spindle travel are mounted on the base of the attachment. 
A drive shaft, arranged in the left-hand part of the body, carries two 
pulleys running on ball bearings. A tie-rod, running through the 
drive shaft, is linked by a dowel pin to a friction disc. The tapered 
surfaces of the disc may engage the internal tapers of the pulleys. 
Axial movement of the friction disc is accomplished by levers throug! 
a ring. ‘he body with the spindles is shifted back by spring action. 

Rotation is transmitted from the main transmission shaft throug 
a belt drive to the driving shaft pulleys of the attachment. Rotation 
is transmitted further through the friction disc to the three spindles. 
Two spindles rotate in the same direction as the work spindle while 
the third spindle rotates in the opposite direction. 

Longitudinal feed of the spindle that occupies the working 
position is obtained from a cam, mounted on a drum of the camshaft, 
through a lever and a push rod with a collar. 

The spindle is withdrawn to its initial position by coil springs 
located in the body. 

The attachment body is shifted to change spindles by plate cams 


el2 


ef the camshaft through a lever. The lever carries a follower pin 
oi one end and a roller on the other. The roller bears against a strin 
ou the bedy. 

The friction disc is shifted to engage one of the two pulleys by 
a lever system controlled from cams on a camshaft drum. 


§ 81. SINGLE-SPINDLE THREADING ATTACHMENT 


ihe single-spindle threading attachment for the automatics, models 
[ALON and 11112 (Fig. 1413) is designed to cut thread ona length 
cof 40 mm (of a size up lo 1 mm in stecl and up to 4 mm in brass). 
‘The range of threading spindle speeds is from 1,700 to 10,300 rpm. 

in the operation of this attachment, lever § is actuated by the 
cain on drum 9 of the camshaft. This lever provides longitudinal 
heal of the threading spindle 75. When the die, clamped in the die- 
'otder 76, starts to cut (“runs on”) the thread, lever 8 stops feeding 
fae spindle and is returned by spring JO to its initial position. Fur- 
‘her axtal movement of the spindle will be due to the lead of the 
die which will fellow the thread. The action of lever 8 is cut short 
aid only starts the thread. 

Oise l/, which travels together with spindle /5 to the right, reaches 
Ihe head of adjusting screw Z at the end of the thread. Screw / is 
held in lever 2 which carries blade 3 on ils right-hand end. Disc 77 
-hifts lever 2 to the right and releases blade 4 of lever 5, rocking ona 
HEVOL, 

l‘nder the action of coil spring 6, a system of levers and a fork 
‘Hitt beth belts from the right-hand pulley 74 to the left-hand 
idiing pulley 72 and the central working pulley 73. This provides 
lor slow threading-spindle rotation (2.2 times slower than the work 
spindle), This speed is required to back the die off the work and to 
r-ttirn the spindle to its initial position, due to the action of spring 7. 

The belt isshifted to its right-hand position to prepare the attach- 
ment for the next workpiece. This shift is accomplished by a special 
l-ver mounted on the camshaft. 

The threading device has facilities for precisely setting the cut- 
liv tool, as well as a safety device which stops the automatic in 
case of overloads or if something goes wrong. 

Swiss-type automatics allow the threading device to be employed 
11 conjunction with another spindle which enables a hole to be 
drilled and thread cut on one workpiece. 


§ 82. SCREW SLOTTING ATTACHMENT 


The screw slotting attachment enables slots and flats to be milled 
ou the cut-off end and burrs to be removed after cutting off. This 
cvcludes the need of an additional operation in many cases. 
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Fig. 113. Single-spindle threading attachment for automatics, models {A10II 
and 11142. 


The slotting attachment may also be used as a catcher for separat- 
ing small workpieces from the chips. 

The slotting attachment is mounted on a special pad behind the 
bed, adjacent to the pad for mounting other attachments (drilling, 
threading, etc.) 


The slotting attachment may operate together with other attach- 
ments. 


The attachment spindle is driven by a belt from the transmission 
shaft. 

One or two milling cutters, 25 mm in diameter, are mounted at 
the end of the spindle. They operate at speeds from 600 to 3,740 rpm. 
The depth of cut in the slot should not exceed 1.5 mm. 

As the finished piece is severed from the bar, it is gripped by a 
clamping bushing of the arm and is carried to the cutter (or cutters) 
by the action of a section on a plate cam. 

Axial movement of the grip arm and feed in milling is actuated by 
levers controlled by a face-type cylinder cam. 


After the slot has been cut, the workpiece is ejected into a chute 
by a stop. 


$ 83. SETTING UP SWISS-TYPE AUTOMATIC SCREW MACHINES 


In selecting the manufacturing process and establishing the ma- 
chining sequence, the more accurate surfaces should always be ma- 
chined, whenever possible, by the rocker arm tools. The front tool 
(No. 4) is more suitable for this purpose as it operates to a positive 
stop. Ihe rear tool (No. 2) is recommended for turning form surfaces 
with cross feed. External stepped surfaces may best be turned by 
(he overhead tools, each of which is controlled by its own cam. 
The work is usually cut off with tool No. 3. In planning the operation 
chart and laying out the cams, the moment that the bar is released is 
lahen as the beginning of the cycle. Settings and adjustments of the 
fools and longitudinal travel of the headstock are based on the posi- 
Lion of the cut-off tool atong the work axis. At the moment the bar 
is cut off, it usually projects 2 mm from the steadyrest bushing. 

All calculations are made as indicated in Chapter II of Part ‘I'wo. 


‘The general approximale cycle time t,»p 18 determined from the 
formula: 


Ss _ ON w aa 
lappa 1-0ty=90 n. S00 


Setup data for laying out cams for the model 1A1(0II are calculated 
on the number of degrees (and not hundredths) required to perform 
each working and handling movement. 

l‘or rates of production up to 10 pieces per min, one degree of cam 
surface may be taken for each mm of rise and 0.5 degree for each 
niin of drop on the curves of the cam corresponding to idle movements 
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The magnitudes of lines of rise and drop on the cam should equal 
the actual movement required, multiplied by the trans:nission ratio 
from the cam to the toolslide. 


Tooling Layout and Operation Sheet for the Model 1AI10IH 
Automatic and How It Is Drawn Up. 


An example of the tooling layout and operation sheet einpioyed 
for Swiss-Lype automatic screw machines is illustrated in Table 16. 

In this example, a watchwork part, No. K 36-14, is to be turned 
of bar stock, 1.75_,.,, mm in diameter, of steel Y/,, (U.S.S.R. 
Std. GOST 2589-44) to the third class of accuracy. The layout and 
operation sheet are designed in the following order: 

1) The sequence of machining operations is established, cutting 
tools are selected, and their arrangement established. 

2) The travel of all tools is determined, as well as feeds, required 
spindie revolutions for each operation element, lobes of the plate 
cains for one cycle, culting speeds, etc. 

3) Cam layouts are drawn and tools are designed on the basis of 
the calculated data. 

All design data are set down in the operation or setup chart. 

Cutting tool selection: 

Tool No. 1 (straight turning tool) for turning diam 0.23 mm and 
chamfer 0.09 * 60° on diam 0.6 mm. 

Tool No. 2 (second straight turning tool) for turning diam 0.78 mm, 
taper 0°25’, and diam 0.23 mm. 

Tool No. 3 (grooving tool for undercutting) for turning the 60° 
groove on the face of diam 1.75. 

Tool No. 4 for turning both 90° tapers and for cutting off the work. 

Tool No. 5 for turning chamfer 0.09 x 45° and taper 0°25’. 

Chamfer 0.09 x 60° on taper 0°25’ and taper 90° are turned by com- 
bined bar feed and tool travel. 

The tools are arranged in a position corresponding to diam 2.7 mm. 
This diameter, 2.7 mm, is the accepted diameter of the final position 
of the tools. 


Determining the Travel of the Tools and Headstock 


Operation element No. 1 —withdraw tool No. 4 to diam 2.7 mm. 
1=*3540.1=1.45 mm, in which 0.1 is the overrun of tool No. 4 


beyond the bar centre. 


Operation element No. 2 —advance tool No. 2 to diam 0.23 mm. 
[p= OE 4285 mm (operation elements No. 1 and No. 2 overlap). 


Operation element No. 3—turn diam 0.23 mm. /,=0.30 mm. 
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Operation clement No. 5 —withdraw tool No. 1 to diam 0.5 mm 
(to the beginning of the chamfer (a 0135 mm), in which 


diam 0.5 mm is determined from the sketch: 


0.09 0.09 : 
eon is 


d=0.6—2x0.05 =0.5. 


A 


Operation element No. 7—turn chamfer 0.0960°. Tool No. 1 
travels to diam 0.6 mm: 


y —2:8—0.5 


: 5 =0.05 mm. 


Operation element No. 8—turn chamfer 0.0960°. Headstock 
travel 1,=0.09 mm (operation elements No. 7 and No. 8 overlap). 
Operation element No. 10—withdraw tool No. 1 to diam 2.7 mm. 


l y= = 1.05 mm. 
Operation clement No. 11— advance tool No. 3 to diam 0.6 mm. 
2.7—0.6 ; fe 
i =1.05 mm. 


Operation element No. 13—undercut chamfer. Headstock travel 
[= 0.115 +0.085=0.2 mm, in which 0.415 mm is the groove depth 
and 0.085 mm is the clearance between tool No. 3 and the face of 
the shoulder diam 0.75 mm (see tooling arrangement in the setup 
chart). 

Operation element No. 15—withdraw the headstock. /,,=0.2 mm 
(required to withdraw tool No. 3). 


Operation element No. 16—withdraw tool No. 3 to diam 2.7 mm. 
2.7—0.6 
is 2 
Operation element No. 17—feed bar for turning diam 0.078 mm. 
Headstock travel /,,=—0.6+-0.6-+-0.09=1.29 mm, in which 0.6 mm is 
(le length along diam 1.75 mm, 0.6 is the length of the second 
straight turning tool No. 2, and 0.09 mm is the distance between 
tools No. 1 and No. 2. 


Operation element No. 18—advance tool No. 2 to diam 1.8 mm. 


=1.05 mm. 


ea 0.45 mm (to the moment of tool infeed). 
Operation element No. 19—feed in tool No. 2 to diam 0.78 mm. 
1.8—0.78 : 
| ac ae =0.51 mm. 


Operation element No. 21—turn diam 0.78 mm. Headstock travel 
/,, =1.51 —0.09 —0.6=0.82 mm. 
Operation element No. 23—feed in tool No. 2 to diam 0.64 mm. 


Be ca =(0.085 mm. 


) 
= 


23 
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Operation clement No. 25—turn the taper. Tool No. 2 travels 
to diam 0.595 mm. J,, = TSh fo 9), 008 mm, in which the dimen- 
sion 0.095 mm is atone from the sketch, i. e., 


tan 0°20 =0.00727. 
x=tan 0°20’ x 1.04=0.00727 « 1.04=0.0075. 
a-=0.61 —(2 < 0.0075) =0.595 mm. 


Operation element No. 26—turn the taper. Headstock travel 
[,,222.95—1.51=1.04 mm. 
Operation element No. 28—advance tool No. 5 to diam 0.6 min. 
27—0.6 4 a- 
tgs 1.00 mm. 

Operation element No. 29—turn chamfer 0.0945°. Tool No. 5 
0.6—0.315 
2 
diam 0.315 mm is determined from the sketch of the part (d=0.595 — 

—2(0.09-+-0.05) =0.315 mm). 
Operation element No. 31— withdraw tool No. 5 to diam 2.7 mm. 


travels to diam 0.315 mm. J,,)= =0.143 mm, in which 


) 
l= sea 193 mm. 
Operation element No.32—feed in tool No. 2 to diam 0.23 mm. 
) 23 
a =0.182 mm. 


ee element No. 34—turn diam 0.23. Headstock travel 

3470.30 mm. 

ee element No. 36—withdraw tool No. 2 to diam 2.7 mm. 

2.7—0.23 
=p 230 mm. 

Operation element No. 37 —to set the bar stock properly for turn- 
ing the 90° taper, it should be withdrawn. For this purpose, head- 
stock travel J,,=0.6+0.115 —0.01=0.705 mm, in which 0.6 mm is 
the width of the second straight turning tool No. 2; 0.1415 mm is the 
length of the 90° taper at “diam 0.23 mm, and 0.01 mm=0.1 — 
—0.09 (offset of the nose on the cut-off form tool No. 4 in refer- 
ence to the front cutting edge of tool No. 2) (see sketch and tool 


layout). 
Operation element No. 38 —advance tool No. 4 to diam 0.23 mm. 
2.7—0.23 
l= = 1.280 mm. 


Operation element No. 39—cut off the work and turn the tapers. 
Tool No. 4 travels beyond the centre. = +0.1=0.215 mm, 


in which 0.1 mm is the overrun of tool No. 4 beyond the bar centre. 
Operation element No. 40—cut off the work and turn the tapers. 


Headstock travel J, = H1= 0.215 mm (operation element 


No. 39 and No. 40 overlap). 
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Operation clement No. 43—withdraw headstock over distance 
1,,—9.35 +0.09 +0.2 —0.2-+-1.29+0.82 +1.04+0.35 —0.705 +0.215 = 
=3.45 mm (the components of this equation are the travel values 
of the headstock in the operation elements No. 3, 8, 13, 15, 17, 
21, 26, 34, 37 and 40). The withdrawal of the headstock at the cycle 
end is equal, as a rule, to the total Iength of the workpiece plus 
the width of the cut-off tool, i.e., 3.45=2.55-+(0.35 x 2)+0.2, 
in which 2.55-+-(0.35 x 2)=3.25 mm which is the workpiece length 
on the sketch and 0.2 mm is the width of the cut off. 

Feed selection. The rates of feed —0.003, 0.001, 0.0015, 0.004, 
and 0.002 mm per revolution have been selected on the basis of ex- 
perience acquired in a watch factory manufacturing part No. K 36-14. 

The number of spindle revolutions required for each operation 
element n, is determined from the formula: 

l ; 
nN => revolutions 


in which 7 is the tool or headstock travel in mm, 
s is the rate of feed in mm per revolution. 


n= we 117 revolutions Nesp =89 revolutions 
n =n, = See =90 revolutions n,,==n, a ==347 revolutions 
Ryser =134 revolutions n,,= a =143 revolutions 
Respro 340 revolutions n, = ~ -=182 revolutions 
i= = 205 revolutions n,,== ae =1795 revolutions 
Nyy =a =o -=215 revolutions. 


Determining the sum of spindle revolutions n,, required for all 
working movements after deducting overlapped movements and accep t- 
ed for calculations: n,=117 +90 +134 +3840 +205 +85 +347 +143 + 

-+182+175+215= 2,033 revolutions. The following lever arm ra- 
tios have been set up: noadsoce 1, rocker arm —3 : 1, toolslide 
No. 3—1:4, and toolslides No. 4 and 5—2: 1. The rises and drops 
on the cam are calculated on the basis of the established lever arm 
ratios. 

The number of degrees required on the plate cam for auziliary or 
idle motions is determined on the basis of 1° to 1%° for each milli- 
metre of cam rise and from 2° to 1° for each millimetre of drop. 

Itises on the cams are required for feeding out the stock, for the 
travel of tools No. 2, 3, 4, and 5 toward the work axis and for with- 
drawing tool No. 41 from the work. 
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Drops on the cams are required for withdrawing the headstock, 
withdrawing tools No. 2, 3, 4, and 5 from the work and for advancing 
tool No. 4 to the work. 

Certain operation elements include dwells for more reliability in 
coordinating the movement of the units (operation elements No. 
17 and No. 43). Each dwell corresponds to 2°. The angles required 
for auxiliary travel (idle movements) have been rounded off with 
a minimum value of 2°. 

The sum of degrees required on the cams for idle movements, after 
deducting the overlapped movements and accepted for calculations, 
is determined from the following equation: K,;,=2+2+2+2+2+4+ 
-+-2+242+2+5+2+242+24+24+2+2+2+2+3+3+65+2+10+ 
8+15=89°. 

The sum of degrees required on the cams for working movements 
after deducting overlapped movements will be 


K ,=360° —89° =271°. 


The number of degrees required for each lobe on the plate cams 
for the working movements (columns 7 to 10, incl.) is determined from 
the formula: 

Nay 


No 
Nace Ke i ae (see also §$ 58). 


i 
ky Noy 
Nyy 


in which n, is the number of spindle revolutions for any working 
movement (columns 0 and 6). 


ke = ogg 17 = 16" hoya =F pggX = Ae 

a sag 90 = 12° ee eee saggX T=? 

kos =p pgg x 14s 18" koe = rpggX M43 = 19° 

hous = py 840 = 46" hows sagg* 182= 24° 

hee Fagg 205 = 26" és saagX 175 = 23" 
hose raX 215 = 29° 


The angles of the operation elements are put down in the setup 
chart in an increasing order (columns 13 and 14). 

Determining the lobe radii on the cams. To determine the lobe radii, 
select the operation element with the maximum radius. 

In our example, the maximum cam lobe radius of the headstock 
cam (R=80 mm) corresponds to operation No. 34 having maximum. 
forward travel. The maximum radius (R=60 mm) of the rocker arm 
cam corresponds to operation element No. 32 in which tool No. 2 is 
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fed in to diameter 0.23 mm. Maximum lobe radii of the overhead 
slide cams (A=60 mm) correspond to operation element No. 13 for 
tool No. 3, operation element No. 39 (at the end of cut-off) for tool 
No. 4, and operation element No. 29 for tool No. 5. 

The radii of the other lobes on the cams are to be determined as 
indicated in § 59. The calculated values are set down in columns 
{5 and 16; the designations of the cams are given in column 17. 

The number of spindle revolutions required to make one piece, 1s 
determined from the formula: 

j __ Ny X 360° 2,033 x 360° 
cycle” KR Te 

The cutting speed v is determined from plant data. For steel Y7,, 
(free-cutting), the cutting speed v=30 m per min. 

The spindle speed, corresponding to this cutting speed, is deter- 
mined as follows: 


=2,700 revolutions. 


1,000 1,000.3 
ages ° 5,450 rpm. 


snd ~~ 3.44x1.75 

The nearest lower speed available on the machine (as indicated 
in the Service Manual) 2,—=5,000 rpm. Thus the actual culling speed 
u-=27.0 m per min. 

The cycle time (time to make one piece) is calculated from the 
formula: 

, nN, > 7 
T=. =, x 60 82 see. 

We select the nearest larger cycle time from the Service Manual 
(7.=36 sec). 

Determining the rate of production: 


60 60 : 
Qe= p= 367 167 pes per min. 


This rate of production and the spindle speed n,=0,000 rpm cor- 
respond to the change gears 35 and 90 teeth, pulley steps F—J and 
lk —O, change pulley A=170 mm, and B=100 mm. The actual rate 
of production will be: 

Q,= O,n=1.67 x0.9=1.5 pes per min. 
Cams and tools are designed on the basis of the setup chart data. 


§$ 84. SWISS-TYPE AUTOMATIC SCREW MACHINE, MODEL 1125 


The Swiss-type automatic, model 1125, which differs in design to 
a considerable extent from that of model 1A(0II, has a bar capacity 
of 18 mm and a turning length of 150 mm. It has four cross-arranged 
toolslides and a four-station turret (Fig. 114). The work and tool 
-pindles have infinitely variable speeds obtained electrically. 

he headstock is fixed (Fig. 115 a) in this machine but the rotating 
pindle and feeding tube have an axial movement that provides 
lor longitudinal feed in addition to the rotary cutting motion. 
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F ig. 114. Swiss-type automatic screw machine, model 1125. 


jJ—four-station turret with rotary tool spindles 2, 3—four-slide cross-srranged tool frame 
with cross-feecding tools, 4—camshaft, 5—work spindle, 6 and 15—pulleys of belt drive from 
the motor 16, 7—headstock, 8—-worm gearing in the camshaft drive, powered by motor 16 
through chain gearing /4, ordinary gearing and change gears 9, 12—motor for high-speed 
camshaft rotation through spur gears 13, chain drive 10, gear 9 and worm gearing 8, 11—bar 


feed mechanism, 17—V-belt pulleys fur driving tool spindles 2 of the turret 


A steadyrest collet (Fig. 115 b) is arranged at the front end of the 
spindle. The spindle contains two tubes which also rotate. One pro- 
vides for longitudinal feed and the other, outer tube, for closing 
the collet. The tool slide assembly (Figs. 116 and 117) comprises 
four bases secured to the tool frame of the stationary headstock. An 
intermediate member, which carries the upper slide and the tool- 
holder, travels in each toolslide base. Each toolslide is actuated by a 
cam surface mounted on a lever. The latter are controlled by cams on 
the camshaft. 

The toolslides are provided with positive stops used in precise 
turning’ operations. 

‘The turret (Fig. 114, 7) has four stations for mounting tool spin- 
dles which may be rotated through V-belts. The turret is locked after 
each indexing. 

The camshaft (Fig. 114, 4) may rotate at a constant speed during 
the full cycle. Camshaft speed is set up by the D. C. drive motor J6. 
The camshaft is driven through the chain drive 74, change gears 9, 
and worm gearing 8. 
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In manufacturing complex work with a cycle time 7, exceeding 
20 or 25 sec, the camshaft may be imparted a second high-speed 
rotation for performing auxiliary or idle operations. For this pur- 
pose, the camshaft is driven from motor 72 through spur, chain and 
worm gearing /3, 10, 9, and 8. 

Setting Up. Spindle speeds are set up in an infinitely variable 
range by an electrical arrangement. 
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Fig. 115. Longitudinal section through the headstock 
of the model 1125 automatic. 


Work spindle speeds are determined by the formula: 
42 
No=Nq 775 TPM, 
while the tool spindle speed is calculated from: 


Vo 


Nis" Nn oy Xey TPM, 


in which n,, is the speed of electric motor 7/6 (Fig. 114). 


Fig. 116. Toolslides of the model 1125 automatic 
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Fig. 117. General view of the tool frame on the model 
1125 automatic. 


The camshaft speed (7,,) is determined from the formula: 
Nos = Ny X 0.00085 — x rpm. 


The cycle time for setups with constant camshaft speed is cal- 
culated from the formula: 
T .=——min. 
Nos 
The camshaft speed at high-speed rotation will be: 
hs__,,’ 20 29 oo Pad 
Nes = maga * 35 % BY Mm X 0.0029 rpm. 
Cycle time for setups with high speed camshaft rotation (for idle 
motions) will be: 
n(x ge pox) mi 
Tem (aXai0 + ns 360) 8" 
in which 
a. is the angle of camshaft rotation for working movements; 
a, is the angle of high-speed camshaft rotation (a, =360—«,). 


CHAPTER I 
AUTOMATIC SCREW MACHINES 


§ 85. MACHINING SEQUENCE 


Automatic screw machines are widely used units of production 
equipment. Various models of automatic screw machines are almost 
identical in design and are set 
up and operated in the same 
manner. ‘These automatics pro- 
duce complex work of bar 
stock. The provision of a maga- 
zine feed device enables sepa- 
rate blanks to be employed as 
well. Typical work machined 
on automatic screw machines 
is shown in Fig. 118. 

‘The following operations are 
performed on automatic screw 
machines: turning cylindrical, 
fupered and form surfaces, 
spolting. drilling, reaming, 
horing, cutting internal and 
erternal threads, knurling, and 
screw slotting. 

After the bar stock has been Fig. 118. Typical work machined on 
loaded into the machine, it is automatic screw machines. 


231 


automatically fed forward the required length to the stock stop which 
is set up in one of the tool holes of the turret. Internal and external 
surfaces are consecutively machined by tools mounted in the turret 
tool holes. The turret is indexed from position to position and has a 
longitudinal feed movement at each position. Cross fed tools are 
held in the cross slides. These tools are used for turning form sur- 
faces, grooves, complex slots, face surfaces, knurling, and cutting off. 

The operation of the cross slides and turret may be overlapped to 
a certain extent. 

External surfaces may be turned by longitudinal feed of tools 
mounted in the turret or by cross feed of tools in the cross slides. It 
is advisable to take the heaviest cuts with the front cross slide. 

Heavy chips may be cut with longitudinal feed by tangential 
tools if a very high class of surface finish is not required. 

Internal surfaces are machined by ordinary cutting tools mounted 
in the turret. 

A two-tool holder can be effectively employed for turning stepped 
work pieces. A box tool with a roller back rest is used in turning long 
accurate cylindrical surfaces. Toolholders with a single tool and 
without a back rest are used only for inaccurate surfaces or for 
turning with a fine chip. 


Table 17 
Brief Specifications of Automatic Screw Machines 
Model 
Item Unit 
1A113 1A118 {A124 {A136 
1. Bar capacity ..... mm 12 18 29 36 
2. Maximum stock feed .{| mm 60 GO 90 90 
3. Maximum length turned | mm 50 50 80 80 
4, Maximum thread cut in 
SOG). 25. ese Je vey cee a. mm 8 12 18 24 
5. Cycle time range (time 
to make one picce) .. .{ sec {2 to 200] 3 to 180} 8.1 to | 11.6 to 467 
417 
6. Number of spindle . 
speedS < 6s «4. 4 | 18 16 Infinite- | Infinitely 
ly vari- variable 
able 


7. Range of spindle speeds} rpm | 56 to 133 to 119 to 100 to 
5,038 3,360 2,800 2,000 


8. Main drive motor power| kw | 1.7 or 2.8 4.2 4.2 
2.8 
9. Overall dimensions: 
floor space occupied ..{ mm | 1,460 | 1,540 | 2,000x | 2,000800 
x 590 X 625 x 800 
IVGT OG. x: dent fe oe ae oh dk mm 1,335 1,330 1, 500 | 1,500 
10. Approximate net 
weight ......... kg | 1,000 | 1,000 | 2,000 | 2,000 
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Fig. 119. Machining with cross slide tools. 
a—forming and cutting off, 5—turning two steps, c and d—knurling. 


Fig. 120. Turning shoulders, chamfering, and pointing. 


Small tapers of considerable length are turned by turret tools 
having supplementary cross feed controlled by a camor template. 

It is expedient to combine hole machining with external turning. 
Operations which may be performed with the same work speed and 
tool feed should be combined. 

External surfaces may be turned with cross feed of tools held in 
the cross slides (Fig. 119). Form and wide-nose tools are efficient 
for: 1) complex forms, 2) maintaining precise axial dimensions, 3) sur- 
faces of small length, and 4) surfaces located near to the chuck. 

Grooves and shoulders are turned by cross-feeding tools (Fig. 120 a). 
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Machining performed with the cross slides may be partly or fully 
overlapped with operations of the turret tools. If cut off is partly 
overlapped with other operations, care must be taken that the re- 
maining cross-section at the cut off is sufficient to perform the other 
operations, i. e., so that the reduction in rigidity does not impair 
the surface finish on the work. 

Chamfers and radii are best turned on the projecting end of 
the work when the preceding piece is being cut off, since this 
reduces the overhang. In cases when some reason makes this 
impossible, chamfering should be combined with spotting (Fig. 
120 b). 

Chamfers should be turned on long work of small diameter with 
a toolholder having a guide bushing (Fig. 120 c). 

Reverse centres are usually turned with a turret tool (Fig. 120 d). 

Internal surfaces are machined in much the same manner as 
with a turret lathe. It is advisable to spot holes before drilling 
(Fig. 121). If the work has a through hole, it may be spotted by 
increasing the drill travel of the preceding workpiece but this 
may involve runout of the spotted hole. Core drilling and reaming 
are performed at lower cutting speeds than drilling and turning and, 
therefore, they require a change in spindle speed. 

Greoves in holes are recessed by a swing toolholder or recessing 
toolholder. These holders require the following operating cycle: lon- 
giludinal advance to run the tool into the hole, radial feed to the 
required depth, longitudinal work- 
ing feed, tool withdrawal (radial) 
from the recess, and finally longi- 
tudinal tool withdrawal from the 
hole. 

Internal tapers are turned with 
combined movements of the cutting 
tool controlled by a taper turning 
attachment or they are machined 
with roughing and finishing taper 
reamers. 

External thread may be cut with 
Hig. 121. Spotting holes and dril- — self-opening die heads (Fig. 122 a), 

ling deep holes. round dies (Fig. 122 b), multiple- 

point chasers, and thread rolls. 

Die heads are used, as a rule, for long thread and round dies for 

short thread. Thread in back of a shoulder is cut with a chaser 

or it is rolled. Thread chasing is a highly accurate but slow meth- 

od of cutting thread. Hound dies, as well as solid taps, must be 

backed off or out of the work. This will require reverse rotation of 
the work spindle. 

Threads are rolled only on comparatively soft materials or in 
cases when the threads are located in back of a shoulder. 
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Thread should be cut before the cross-section has been reduced to 
any extent hy the cut-off tool. Often threading is done on special 
automatic thread rolling machines. 

Knurling may be performed both from a cross slide and from the 
turret. In any case, a back rest or second knurl is required opposite 
the knurl to give a balanced cut (Table 18). The knurls are swivelled 
in reference to each other to obtain a diamond pattern. Long surfaces 
are knurled with supplementary longitudinal feed movement. If 
possible, knurling is not combined with other operations. 

The application of special attachments considerably extends the 
processing capacity of automatic screw machines. 

‘The screw slotting attachment may also be employed for milling 
flats on screw heads if two cutters are installed. Certain automatics 
accommodate an attachment which enables the rear end of the work 
to be milled. It operates with a swivelling grip arm. 
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Fig. 122. Self-opening die head and round die. 
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Principal Types of Teol Holders: 


Die holders 


Used on Automatic Screw Machines Table 1§ 
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Holes are drilled in the rear end of the work by a special attach- 
ment driven from the auxiliary camshaft. This attachment may 
also be used for countersinking or chamfering on the rear end. 

A special work spindle brake is used in conjunction with the cross 
drilling attachment. The drilling attachment is mounted at the rear 
of the bed in this case. 


§ 86. AUTOMATIC SCREW MACHINES, MODELS {A124 AND LA136 


At the present time, new Soviet models of automatic screw ma- 
chines are available. They have bar capacities of 12, 18, 25. 36 and 
40 mim. They are more powerful, operate at higher speeds, and have 
higher production capacities than previous models. 

The specilications of this series of automatics are listed in Table 17. 

The construction of these automatics and their setting up is very 
much the same and, therefore, a study of model 1A136 (Figs. 123 and 
124) will be quite sufficient. 

The main drive of model 1A136 (Fig. 125) is from a D. C. electric 
motor supplied from a converter with adjustable voltage. 

The converter is fastened on a separate plate located between the 
machine and the stock support. The box-shape base of the machine 
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Fig. 124. Working zone of the automatic screw machine, model 1A136. 
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contains the D. C. motor with a reducing gear, mounted on a base- 
plate. The reservoir in the base holds the cutting fluid. The electrical 
equipment cabinet and a setting up panel are located at the right in 
a recess. The bracket of the stock support tube is secured to the left 
end face of the base. The reducing gear is a two-shaft, two-stage unit 
with the gearing ratios 1:41.36 and 1: 2.71. A pulley, mounted on 
the output shaft, transmits rotation to the work spindle through 
V-belts. 

The main drive provides for an infinitely variable range of spindle 
speeds from 60 to 2,000 rpm. Any speed within this range may be 
obtained for any turret position and the spindle speeds are changed 
aulomatically upon turret indexing. Previously set up trip dogs 
consecutively engage six limit switches of the electrical circuit. 

The spindle (Fig. 126) is mounted in preloaded radial roller bearings 
which prevent excessive clearance (play) in the spindle over a pro- 
longed period of operation. When clearance exceeds the permissible 
value, due to wear, the outer spacer ring between the bearings in the 
rear support should be ground down 0.02 or 0.03 mm. Strict paral- 
lelism must be maintained on the ring faces. 

The driving pulley 6 runs on separate ball bearings mounted on a 
rigid flange. The pulley is linked to the spindle with a key. Spindle 
reverse, required in thread cutting, is obtained by the action of trip 
dogs on a limit switch. If two threads are to be cut on a workpiece, 
one pair of trip dogs is used for one thread and another pair for the 
second thread. 

Stock feeding and chucking. The spindle has slots in the central 
part, between the bearings, which accommodate the chuck levers J0. 
One end of the levers bears against the end face of the chucking tube 
11 while the other end enters a sleeve with an internal tapered bore. 

The stock feeding tube 5 is arranged inside the spindle. One end 
of this tube is secured in a ball bearing which is mounted in the hous- 
ing of the stock feeding slide 2. An interchangeable stock feeding 
finger 75 is screwed on the other end of the tube. Stock feeding and 
chucking is controlled from a cam drum (see Fig. 125). Motion is 
transmitted from the cams to the stock feed slide and chucking sleeve 
(hrough lever systems. The cams on the drums are arranged so that 
the stock feeding slide is first traversed to the left over the length 
of preset stock feed. 

When the slide stops, the chucking sleeve 9 is shifted to the right 
lo release the levers 70. Under the action of spring 73, the ends of 
the levers enter a recess in the sleeve. This opens the interchangeable 
spring collet 77 to release the bar. After this, the stock feeding slide 
lravels to the right and feeds out the bar stock to the stop, while 
the chucking sleeve is shifted to the left. The sleeve depresses the 
levers and forces the tube and sleeve forward to close the collet on 
(he bar. This cycle is repeated each time a finished workpicce is cut 
olf. The amount of stock feed is adjusted with a screw (sce section AA 
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Fig. 127. Mechanism for engaging stock feed on automatics, 
models 1A124 and 1A136. 


in Fig. 126) which shifts a slide block along the slot of a lever. Two 
nuts at the left of the chucking sleeve adjust the clamping force of 
the chuck (principles of operation of the stock feeding and chucking 
devices are shown in Figs. 78 and 79). 

The stock feed mechanism is arranged in a cast-iron housing 
(Fig. 127). Shaft 3 carries the drum 4, stock feed lever and the auto- 
inatic stop mechanism which operates when a bar has been used up. 

In stopping by hand, lever J is shifted counterclockwise. A ball- 
click device indexes the lever in either the engaged or disengaged 
positions. 

Lever 8, mounted rigidly on the same shaft with lever 7 but at the 
rear of the housing, is linked through tie-rod 2 with a lever which 
either engages the claw clutch of the drive shaft to the clutch 
member 4 of the auxiliary shaft (Fig. 127) or disengages it. The lever 
is Lurned clockwise to start the automatic. 

During automatic operation, while the bar length is still suffi- 
cient for feeding out and chucking, the feeding finger slides back 
along the bar when the feeding slide is retracted. The roller of lever 7 
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contacts the Jeft side of the cam groove on the feeding drum 4 hold- 
ing spring 9 under tension. This spring is linked lo the lever through 
a rock and gear segment, keyed on the lever shaft. The pressure 
of the spring however is less than the drag of the feeding finger when 
drawn back over the bar. When the bar is used up, the drag of the 
feeding finger ceases and spring 5 retracts lever 7 in a counterclock- 
wise direction, so that ils roller enters a recess in the cam drum 
groove. Rack 6 depresses the pin of the limit switch, type MII-3, 
and switches off both drive motors. 

Drive of the auxiliary control shaft and camshaft (Fig. 128). All 
working and idle movements of the automatic are controlled by the 
camshaft and auxiliary control shaft. They are driven from an indi- 
vidual electric motor through worm gearing / of the reducing gear. 
The auxiliary control shaft 2 is located behind the bed and rotates 
at constant speed (120 rpm). It carries clutch 4 for hand engagement 
by means of the shifting fork 3, safely coupling 6 wilh a breakable 
pin, a 36-tooth gear transmitting rotation through the 72-tooth gear 
to shaft 7 on which the stock feeding and chucking cam drums are 
mounted (see also Fig. 125), as well as the swing stock stop 8, and 
a of-looth gear for driving the turret rapid traverse and indexing 
mechanisms through a 76-tooth gear (see Fig. 125). All of these items 
are mounted freely on the shaft and may be engaged by the clutch 
members 9 and J0. 

Mechanisms for auxiliary (idle) movements are engaged and dis- 
engaged by single-revolution clutches (the principle of these clutches 
is described in detail in § 22 and Fig. 44) which are controlled by 
cams mounted on drum 20 through lever 27. Lever /Z locks clutch 
member 9 in the disengaged position. 

A full cycle of stock feeding and chucking movements takes place 
during one revolution of drums 5; the auxiliary shaft makes two rev- 
olutions in the same time. 

To prevent premature disengagement of clutch members 9 and 70, 
levers 17 and 21 are held in the disengaged position by an eccentric 
pin. Rotation for rapid traverse movements of the turret is obtained, 
as mentioned above, from the auxiliary control shaft through an 
intermediate gear and the turret slide gear. 

The turret is indexed one position in ’/, revolution of the Geneva 
wheel; the auxiliary shaft makes 1°/, revolutions in the same 
time. 

If two consecutive turret indexings are required during the cycle, 
two trip dogs are mounted on opposite sides of drum JS. 

The camshaft is driven from the auxiliary control shaft (Fig. 128). 
The camshaft comprises two sections, a longitudinal section 79, 
arranged in front of the bed, and a transverse section Zo. The speed 


of the camshaft is set up by two pairs of change gears (Z. XZ). 
Plate cam 73, mounted on the transverse camshaft section J and 
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Fig. 129. Work chute operating mechanism for automatics, 
models 1A124 and 1A136 


held by nut 72, traverses the turret slide through a lever, gear seg- 
ment, and a rack. Cams 22 and 28, controlling cross slide movement, 
are mounted on the longitudinal section 79. This section also carries 
a cam for the third vertical slide (not shown) as well as cam drums 18 
and 20 which control the operation of the single-revolution clutches 
on the auxiliary shaft. The left end of the camshaft overhangs its 
bearing and this enables cross slide cams 22 and 28 to be changed 
without disassembling the camshaft (in older designs of automatics, 
the camshaft consisted of two halves linked with a coupling; shift- 
ing the coupling to the left revealed a gap between the camshaft 
halves which was used to insert the cams). Cam drums 78 and 20 
remain constantly on the camshaft and are set up by adjustment of 
trip dogs in the drum slots. 

Finished and cut-olf work is carried by a chute 6 (Fig. 129) to the 
strainer pan. The chute is held in its extreme idle position, when not 
in actual operation, by a spring so that it does not hinder chips from 
dropping into the pan. 

At the moment the finished work is cut off, an adjustable trip dog 
on drum 3, rotating together with the camshaft 2, actuates a lever 
which turns the chute to the working position so that it catches the 
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falling workpiece which slides down to the strainer pan. A spring 
returns the chute to its initial position. 

Turret slide. The turret slide 2 (Fig. 130), carrying the Curret, 
reciprocates along the guideways 7, held by screws to the bed. The 
turret has six tool holes. ‘Tools are clamped in the holes by a split 
bushing and a binding screw. 

The plate cam J3 for turret travel is mounted on the camshaft 
and is located by a driving pin which enters a 10 mm hole in the cam. 
Then the cam is secured by a nut. In this manner, the cam is definitely 
positioned in reference to the zero lines on the cam, claw clutches, 
cross slide cams, and control cam drums. 

The turret slide receives its forward movement from cam J3 on 
the camshaft through lever 75 with the segment gear which meshes 
with the hollow rack 7. 

The slide is retracted by a spring inside the slide. 

The turret is automatically indexed and locked in position by the 
aclion of the auxiliary control shaft. 

The complete cycle of turret slide travel, turret indexing and 
locking occur in the following manner: 

Upon rotation of cam Z3, the roll of lever 75 follows the cam lobes. 
The lever rocks on ils pivol and moves the hollow rack 7 by means 
of the segment gear. The hollow rack contains the rod 70, one end 
of which passes through a bushing screwed into the end of the rack. 
The rod is held in the bushing by a nut. The other end of the rod is 
linked to connection 6 of the crank 5. When the turret slide travels 
forward, the driver of the Geneva wheel is in its extreme position as 
shown in Fig. 130. In this position, the crank 5, connection 6, and 
rod 70, linked to the hollow rack, constitute an integral unit, rigidly 
linked to the turret slide. Therefore, movement of the hollow rack 7 
will advance the slide as well. 

At the same time, a pin, press-silted in the slide and entering a 
slot of bushing ZZ, pulls the bushing forward to compress a spring 
mounted on rod J2. This rod passes through bushing JZ. The action 
of the spring forces the slide backwards and thus holds the roll tightly 
against the cam surface. At the end of the working travel, the roll 
passes from the rise to a drop on the cam and the spring retracts the 
turret slide over a distance controlled by the drop on the cam. 

During slide retraction to the extreme rear position, face cam 26 
withdraws the locking pin 24 from a hole in the turret 23 by means 
of the double-arm lever 25. In the extreme end position of the turret, 
roll 7S of driver 79 enters a slot of Geneva wheel 20 and indexes the 
lurret to its next position. After this, the follower toe of Jever 25 
drops into a recess on its cam and the locking pin 24 will be released. 
The spring sends the pin forward to lock the turret in the new posi- 
lion. Crank 5 continues to rotate to its rear right-hand position and 
moves the turret slide into position for the next operation element. 
This completes '/, of the turret cycle. 
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The above-described operation is repeated for each conseculive 
tool mounted in the turret. 

If only three positions of the turret are employed, double indexing 
is resorted to, i. e.. indexing through 120°. For this purpose, a second 
roll is added on disc 79 and the toe on the iever is turned through 
180°. 

The turret may be indexed by hand in sctiing up the automatic 
by pulling the handle toward the operator and then rotating the 
turrel as required. 

The position of the turret slide may be adjusted in reference to 
the work collet, by means of a bushing, within 36 mm without 
allering the total travel (80 mm). 

The turret slide is adjusted by first releasing the screw and nut of 
rod 70. The lever is held against the shoulder of the rod and the bush- 
ing is rotated in the required direction. Upon this, rod 8, and the 
complete slide, are adjusted in reference to the stationary hollow 
rack 7. The nut and screw are relightened after making the adjust- 
ment. 

Cross slides. The cross slides 2 (Fig. 131) travel in detachable cast- 
iron ways 8, secured to the bed by screws 4. 

The travel of slides 2 and § is controlled by cams 72 and Z3 of the 
cumshaft through levers with segment gears 5, 6, and 7. 

The front cross slide obtains its travel from lever 77 with segment 
gear 5 which meshes with a rack fastened to the slide. The slide is 
retracted by spring 76 which is compressed when the slide advances. 
The spring bears against a pin thal is press-fitted in the headstock 
housing. 

The back cross slide is operated by the levers with segment gears 6 
and 7. The vertical slide, when installed, is operated in the same 
manner. 

The cross slides are adjusted in reference to the spindle axis by 
loosening the screw and turning nul 9 in the required direction. This 
adjusts the slides in relation to the racks. The screw is drawn up tight 
after making the adjustment. 

Holes are provided in the levers for a special rod used lo turn 
the segment gears to obtain manual movement of the slides in set- 
ling up. 

Tool posts are held by T-bolts in the T-slots of the slides. 

Positive stops 74 and 75, adjusted as required in setting up the 
machine, enable high accuracy work to be turned by the cross slides. 
Care must be taken not to overstrain the cross slide mechanism when 
selling these stops. 

Covlant system. A gear pump, type INC-8, is mounted on the lower 
part of the rear wall of the bed. It delivers oil from the reservoir 
through a pipe-line to the culting tools. The reservoir is replenished 
through a hole in the top of the base. ‘The pump is driven from the 
worm shaft of the reducing gear through spur gears. 
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Fig. 131. Cross slides of automatics, models 
1A124 and 1A136. 


a — construction: 1 — screws for setting nuts 9 and 
16 of slides 2 and 8, 3 — detachable ways secured 
hy screws ¢ to the bed, 5 — segment gear of lever 1! 
controlled by cam 13 and imparting motion to front 
slide 2, 6 — lever controlled by cam 12 and meshing 
with segment gear 7 to impart motion to the back 
slide 8, 14 and 15 — positive stops, installed on 
each side, 76 — spring for retracting the slide to its 
initial position; b — eee view of the cross 
slides. 


The reservoir has a partition and a screen for separating the 
metallic dust and fine chips and for settling the cutting fluid. The 
fluid is drawn up by the pump through a filter. 

The mechanisms of the automatic are lubricated in certain places 
manually and in others by a centralised force-feed system from 
a pump. 

Special attachments. The processing capacity of automatic screw 
machines can be considerably increased by these devices. The most 
important of them are the magazine-feed, screw slotting, and high- 
speed drilling attachments, supplementary swing stop, outside feed- 
ing attachment, and the bar restocking attachment. 

The screw slotting attachment, besides slotting, can also mill the 
flats on screw heads and perform other simple milling operations. 
This attachment is mounted at the front of the automatic. It is driv- 
en from the auxiliary camshaft through bevel gearing and a pair of 
spur change gears, used to set up the cutter spindle speed. Move- 
ments of the arm to pick up and transport the piece and to feed it 
forward while the slot is being milled are controlled by cams on the 
camshaft. For milling slots and flats on the front end of the work- 
piece, the grip arm with the work is swivelled through 180°. Except 
for this, the milling operation is the same as for the rear end of the 
work. 

The rear end drilling attachment, as the name implies, is used to 
driil, chamfer, countersink, etc., holes in the rear or cut-off end of 
the work. It consists of a drive, tool spindle, and feed mechanism. 
The attachment is driven from the auxiliary camshaft. In operation, 
the work is gripped in a chuck before being cut off. It is then carried 
by an arm to the cutting tool. After drilling (or chamfering, etc.) 
the workpiece is ejected from the chuck. The longitudinal and 
swivelling motions of the arm are obtained from two cams. 

The high-speed drilling attachment (Fig. 132), for drilling sinall 
holes, has spindle rotation in a direction opposite to work spindle 
rotation. The bearing housing of the drive shaft is secured to the 
turret Geneva wheel with a collar. The shaft is driven froma device 
fastened on the rear wall of the headstock and powered through a 
roller chain from the auxiliary camshaft. A pair of change gears in 
the driving device enables two different ranges of drilling spindle 
speeds to be obtained. 

Rotation is transmitted from the shaft through a sleeve, bevel 
gearing, drive shaft, and another pair of bevel gears to the drilling 
spindles which may be installed in one or several tool holes of the 
turret. The attachment travels with the turret during operation and 
its linkage to the driving device is achieved through a sliding key 
in the sleeve. 

In cross drilling, milling, or slotting, the workpiece is held station- 
ary during machining by the spindle brake. A cross drilling attach- 
ment is mounted on the back cross slide; a slotting tool or milling 
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culter is mounted in the turret. [he spindle brake is fastened on the 
rear wall of the headstock while a disc with brake shoes is mounted 
on the spindle. The spindle brake is controlled by a cylindrical cam 
on the auxiliary camshaft. This cam replaces the cam drum for 
changing spindle speeds. 

A inagazine feeding attachment (see Fig. 81) may be installed on 
automatic screw machines for second operation work or for separate 
precisely forged or cast blanks. The design of such attachments de- 
pends on the form of the workpiece. Typical designs were described 
in § 48. These attachments may, in certain cases, be installed at the 
rear of the spindle. 


Drive shaft 


Turret 


wage <a 
Hf —_——- TZ 


dS SSS TSS SZ 


Fig. 132. High-speed drilling attachment. 


The stock stop is usually mounted in the turret. Frequently, in 
turning complex work, all the turret holes will be required for cutting 
lools. In these cases, a supplementary swing stop is installed. When 
the stock feed begins, the stop swings down to the spindle axis; 
when the collet closes, the stop swings upward, out of the way of the 
olher units. 

The outside feeding attachment (Fig. 133) is used for feeding stock 
Jarger in size than the nominal bar capacity of the automatic. In 
this case, the feeding tube and finger are removed from the spindle 
and the feeding finger 2 (stock pusher) is installed outside of the spin- 
dle at the rear, being attached directly to the slide Z which ordinarily 
operates the feeding tube. 

After the piece of stock becomes too short to be reached by the 
feeding finger, the bracket of the attachment is swung up into posi- 
(ion on pin 6 and locked with pin 7. Then a special pusher bar is 
inserted to push the remaining stock through the spindle. This pusher 
bar is held by a ball clamp when the slide and feeding finger move to 
(he left. The balls release the pusher bar for movement to the right. 
The pusher bar is pulled back to its initial position, after feeding 
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the stock to the end, by pressing sleeve 3 forward until locking pin £ 
enters a hole in the sleeve. This opens the ball clamp and allows the 
pusher bar to be pulled to the left out of the spindle. 

Among attachments that facilitate operation of automatics, 
are the silent stock support and the workpiece catcher. A silent 
stock tube is available for automatics manufactured by the Lenin- 
grad Automatic Lathe Plant. This tube contains a wave-form spring 
over its full length. In certain new models, silent operation is achieved 
by an arrangement in which the space between two tubes is filled 
with sand. 
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Fig. 133. Outside feeding attachment. 


The bar restocking attachment (Fig. 134) greally facilitales and 
speeds up restocking of round bars. The attachment is mounted on 
the bracket on pin Z and is locked by pin 4. Upon shifting the handle 
7 of lever 6 to the right, the wedge-type cam 5 rotates and spreads 
the ends of grips 3 with self-aligning jaws that clamp the bar stock. 
Further movement of the lever advances the stock to the right. The 
lever is repeatedly swung back and forth, releasing the bar on the 
back motion and advancing it on the forward motion until it passes 
through the feeding finger and chuck collet. The grips are adjustable 
to the required bar size. The back or return motion of the lever and 
grips is elfected by spring 2. 

Setting Up Automatic Screw Machines. As distinguished from ear- 
lier models, in automatics, models 1A124 and 1A136, the work spindle 
rotates in an infinitely variable speed range in both directions. The 
spindle speed and direction of rotation may be changed for each posi- 
tion of the turret. 

In these automatics, the camshaft is powered by a separate motor 
through worm gearing. The auxiliary shaft operates at a constant 
speed of 120 rpm. 

The camshaft (see Fig. 125) is driven through a constant pair of gears 
29, two pairs of change gears, A, B, C, and D, and worm gearing. 
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The camshaft speed n..is determined from the formula: 


cs 
Le A C L es A C 1 "A C 
fe =) ps —-x --X = — (1? ae —~— Vf —— oS een . 
oe as 2, ope Lo 120 zq% Bp are 1.4 BD rpm 


in which A, B,C, and D are the number of teeth on the change gears; 
n,, is the speed of the auxiliary shaft, 120 rpm. 
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Fig. 134. Bar restocking attachment. 


Work is finished in one revolution of the cainshaft. Therefore, the 
Lime in seconds to make one piece 7", is determined from the formula: 


60 60 D B D B 
ot ee —_ YW —- ‘ aa a 
Nos 1-1 a | 4-9 G x A BOCs 


A= 


After computing the cycle time 7, for the given workpiece, the 
change gears are calculated by the formula: 


AC AD 


Bop 
‘The stock feeding and chucking mechanism is driven from the 
auxiliary shaft through gears J5. and 16. 
The speed n,, of the drums of the stock feeding and chucking 
mechanism is constant and is calculated from the formula: 
4s 120 * = 60 rpm. 


Nee ===> Has Ti 


The bar stock is fed out and chucked in one revolution of the drums 
and therefore this operation will require: 


60 


t= Go = 1 See. 


The spindle is reversed and its speed is changed automatically 
during turret indexing. 

The turret is indexed a single position during one revolution of 
the driver and '/, revolution of the Geneva wheel. Driver rotation 
is obtained along the following gear train: from the shaft through 
gears with 57, 76 and 35 teeth, and bevel gears with 22 teeth. The 
disc with the driver is fastened to the last bevel gear. The time in 
seconds ¢,; required for one turret indexing ('/, revolution) is deter- 
mined by the formula: 


60 1 60 35 
= XS= ; 15g BX 55 = 0.667 sec, 
¢ 23 


in which é is the gearing ratio from the auxiliary shaft to the driver. 

Any spindle speed in a range from 60 to 2,000 rpm may be set up 
for each position of the turret. For example, a diameter of 36 mm may 
he turned from the first turret position with a spindle speed of 420 rpm 
and the corresponding cutting speed of 47.0 m per min. A smaller 
diameter (24 mm) on the same workpiece is machined by a tool in 
the second turret position at a spindle speed of 700 rpm and a cut- 
ting speed of 52.5 m per min, etc. It is evident that the most expe- 
dient speed may be selected for each operation element. The spindle 
speeds are set up by six handles on the setup panel of the automatic 
and they change automatically in the course of the operation. 

The direction of spindle rotation may also be changed from po- 
sition to position. Thus, thread may be cut wilh a tap or die in any 
turret position. It is not advisable to cut thread close up to a shoul- 
der or to tap blind holes, since setting the length of thread-culting 
tool travel is very complex and tool breakage is probable. 

Calculations of a setup for these models of automatic screw ma- 
chines are similar to those oguuee for models 1136, 1124, Index, 
Skoda, and others given in $ 54 but due consideration must be given 
to the special features of Cede 1A124 and 1A136. 


§ 87. SETUP FOR THE AUTOMATIC SCREW MACHINE, MODEL 1tA136 


The tooling layout (Table 19) includes sketches of each operation 
element beginning with stock feed. The cutting tools and holders 
are shown schematically in their final working positions. ‘The lengths 
of the cutting tools with their holders are set down; one to five 
millimetres is added in each case to compensate for errors in setting 
up the automatic and in manufacturing the cams. 
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In machining the pipe connection of this example, the stock is 
fed out to a distance of 58 mm from the spindle nose to the stock 
stop, since the finished workpiece length is 50 mm, the cut-off 
tool has a width of 3 mm and is set 5 mm from the chuck face. Thus, 
the amount of stock feed is 53 mm. 

After establishing the lengths of the turret tool holders with their 
tools (see § 59), the distance is determined from the turret to the chuck 
face for each turret position. Since the tools and holders are drawn 
in their final (left-hand) positions, these distances in the example 
will be: 3rd operation element —95 mm, Sth —93 mm, 8th —108 mm, 
{0th—113 mm, and 13th—138 mm. 

The distance from the chuck face to the turret in its initial posi- 
tion (before starting the operation) equals this distance in the 3rd 
operation element plus the length of working travel, i. e., 95-+-54= 
={149 mm. 

The setting of the turret in reference to the chuck face equals the 
sum of the minimum distance in all operation clements plus the 
maximum travel of the turret slide. In this case the setting will be 
93-+80==173 mm; it should not exceed 180 mm. 

Selecting cutting speeds and spindle speeds for the operation ele- 
ments. After drawing the tooling layout and planning all of the 
operation elements, the cutting speeds are selected on the basis of 
the working conditions, required surface finish, and tool material 
employed. 

The workpiece of this example is to be machined with cemented 
carbide tipped tools (except for the circular tool). 

The selected cutting speeds for operation elements that do not 
overlap will be: for turning diam 34 mm—v=115.5 m per min 
(operation element 3), for turning diam 15.88 mm—v=72 m per 
min (op. element 9), for drilling 6.7 mm—v=33 m per min (op. 
clement 8), for cutting off from diam 34 mm—v=73 m per min 
(op. element 16), for cutting thread 1M16*«1.5—v=5 m per min 
(op. element 10), and for tapping thread M8 x 1.25—v=7.5 m per 
min (op. element 13). 

On the basis of the cutting speeds v, the spindle speed 7, is deter- 
mined for each operation element from the formula: 


des 1,000v 
Ss" nd 


in which d is the diameter machined, in mm. 

The nearest values of spindle speeds, listed in the service manual, 
are then selected instead of the computed values. They will be: 

n,=1,050; 1,580; 100; 300 and 680 rpm. 

The following tool travel values are accepted for this example: 
operation element 3—/,=53+1=54 mm (53 mm is the length 
turned, including the cut-off tool width), op. element 5—/,=30+1= 
=31 mm, op. element 8—l,=20+0.3 x 0.7-+-123 mm, op. elements 
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40 and 13—travels /,,==28 mm and/,,=21 mm, sob. element 16a—1,, 
30—28 


=—z—=3.0 mm, op. element 16— AO $118. 3 mm Tih 
which 1 mm is the amount the cut-off esol pies: beyond the centre) 
__ 380—30 


and op. element 16b—!/ =2.9 mm. 


16p z 

Determining the radii on the cam lobes. Of the previousy calculated 
distances from the chuck face to the turret, the minimum value 93 mm 
(in this example) is selected. This minimum distance indicates that 
in the 5th operation element at the end of the cut, the cam rol! will 
be on the maximum radius of the turret cam, i. e., R,=120 mm, on 
the basis of the tool travel. The radius at the start of the lobe for 


turning diam 15.88_,,, will be R,=120—31=89 mm. 

Using formula (41), the other lobe radii can be computed as: 

R,=64 mm, R,=118 mm, R,=64 mm, R,=105 mm, R,=82 mm, 
R,,=97 mm, R,,.=72 min, Ri,=l3 mm, and R,,=54 mm. 

A clearance of from U.o to 2 mm is to be added to all tool travel 
values to prevent startling the cut at rapid advance speed. 

The travel of the cut-off tool is increased to face olf the end of the 
work. 

The cam lobe radii for thread culting are reduced by from 10 to 
15 per cent of the thread length. 

Cam Jobe radii for turret indexing are reduced 1 or 1.9 mm. In 
this example, the turret will be indexed on radii 63, 88, 81, and 
714 mm. Only the last indexing will be on a radius of 50 mm (from 
design considerations). 

In determining the cam lobe radii for the cross slides, it must be 
remembered that the maximum radius R#,,,,=79 mm and corresponds 
to a position of the tool cutting edge at the centre of the work. Since 
the tool stops 14 mm from the centre in turning the groove to a diam 
of 28 mm, the maximum radius on the lobe of the front slide cam for 
this operation element will be R=75—14=61 mm. At the start of 
this lobe, the radius will be R’ =61 —3.5=57.5 mm, in which 3.5 mm 
is the working travel of the circular tool. 

The maximum radius on the back slide for cutting off will be R,,,= 
=79 mm, since the tool even passes slightly beyond the centre. ‘he 
radius at the start of cut-off will be R'=75—18.3=56.7 mm, i. e., 
R=75 mm minus the working travel of the cut-off tool. 

Determining the number of spindle revolutions required for the 
operation elements. The number of revolutions n, is determined by the 


l : ; ; : : 
formula n,=—rev in which J is the tool travel, in mm, for the givea 


operation element; s is the tool feed, in mm/rev selected from the 
tables. 
The following spindle revolution values are obtained for this 
example: Ch =. 3é 24 | 
Ne, = gag = 400 rev No, = [og = 17 rev 
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No, = 5 = = 207 rev Ny , = 73 =—117 rev 
ye 

n 35 A A) rev n= 18.3 = 25 TEV 
% 0.066 0:6 0.035 

28, ae eee 

No, = Te = 19 rev Nog, = 0.08 = OF rev. 


In thread cutting, the number of spindle revolutions equals the 
number of full threads to be cut. 

After determining the spindle revolution values for each operation 
element, they are analysed to establish which are overlapped and 
which are not so that they can be set down in the corresponding col- 
umn of the operation sheet; overlapped revolutions as put down in 
parentheses. 

Since the different operation elements are performed at different 
spindle speeds, the number of spindle revolutions in the column 
“working travel” does not correspond to the time required for these 
elements. Insetup calculations the equivalent revolutions are deter- 
mined. They are proportional to the times required. 

The basic spindle speed selected for computations is the one used 
in the majority of the operation elements —n?=1,050 rpm. The equiv- 
alent speeds for the other elements are computed by multiplying the 
actual required number of spindle revolutions by the equivalent rev- 
olutions factor a. This factor a is equal to the ratio of the basic 
spindle speed n® to the spindle speed n, at which the given element 
is performed: 


tu 
ae 
S 


For the 3rd and 5th operation elements: 
1,050 


a,=a,=1, for the others: a = T5680 a5 =U. 665, 
1,050 _i, 050 _ i, 050 
a, = = 10.5, 4,, =p = 3.9, and a,, = hag = 1.94. 


This enables the sum of spindle revolutions to be calculated for 
making one workpiece: 


Ny= 2,247. 


Determining the number of hundredths required on the cams. 


This calculation begins with determining the hundredths required 
for the idle motions. For this purpose, the time ¢,, required for work- 
ing travel is determined: 

Nwx60 2,217 60 


= = 2 = 12 . 
= aa 1.050 {26 sec 
s 
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Then the estimated cycle time will be 
T,=(1.1 to 1.3)t, or 7,=1.2* 126151 sec. 


Ww 

On the basis of this value, the number of hundredths required for 
the idle movements may be found in tables of the service manual. 

On equal sections of the cam having a single radius, the hundredths 
required for idle motions are determined by the time required for 
the operation of the various mechanisms, such as turret dwell while 
stock is fed to the stop and turret indexing upon advance of the cut- 
off tool. To determine the exact number of hundredths required for 
turret indexing, it is advisable to have an accurate full size drawing 
of the turret cam 240 mm in diam, with the hundredths drawn as 
arcs of a radius r=120 mm from c3ntres of a circle having a radius 
R=138 mn. 

If then, the templates are applied on the cam drawing, it will be 
easy to det2rmin> the hundredt's required for tucret indexing and 
other idle movements since the cam lobe radii are known. The sum 
of these hundredths is calculated: 


K,=1+2.5+38+0.5+4+4+4.5+3=22.5 hundredths. 


Therefore, the number of hundredths required for working travel 
(after deducting overlapped motions) will be: 


Ky = 100— A; = 100— 22.5 = 77.5 hundredths; 
— ngl00 2,217 100 : 
Reyete TOK) TT 2,861 revolutions. 
The hundredths on the cam for each operation element are determined 
on the basis of the number of spindle revolutions to each hundredth. 
The number of hundredths for each operation clement is deter- 


mined from the formula: 
K ="“° hundredths 
Np 


oO 


in whichz, is the number of spindle revolutions required for a given 
operation clement (on the basis of the equivalent revolutions fac- 
tor); 

n, is the number of spindle revolutions per hundredth. 
The hundredths for the working travel will be: 


K a0 —— w15.5 hundredths K.- ” ——w2 hundredths 


os 28.6 On 98.6 
A= at wT. Oo hundredths K,.=aae2 hundredths 
K ,, = ~8 hundredths Ky, =5 (6. 0) hundredths 
Ao a“ te hundredths K,= © 28. Oo hundredths 
K= a ~~ hundredths tan aT 4 2) hundredths 


These values are checked by adding up all the hundredths for 
working travel and deducting overlapped motions. The sum K,, 
should equal 77.5 hundredths. The hundredths are divided into those 
which are overlapped and those which are not. After deducting the 
overlapped hundredths, the remainder, in the sequence of the tooling 
layout, will indicate at which hundredth each motion willstart and 
finish. 

Determining the cycle time and change gear selection. The time in 
seconds to make one piece, which is equal to the cycle time 7,, 
is also equal to the time for one revolution of the camshaft: 

= ae - OO SO 164 sae 
nt 050 

This time is finalised from the table in the service manual giving 
the available time in seconds per camshaft revolution: 7,163 sec. 
This corresponds to the change gears: 4=20, B=80, C=60, and 
D--45 teeth. 

The rate of production is expressed as the number of pieces made 
per hour and is calculated by the formula: 

: 3,6 3,60 
Qa = Se y= — 0.87219 pes hr. 

Laying out the cams. The cams for the turret slide and front, back 
and vertical cross slides are layed out in accordance with the data 
of the operation sheet. The turret cam for the setup of ‘Table 19 is 
shown in Fig. 135. The methods employed to lay out the lobes of this 
cam are also Indicated. After manufacturing the cams and other 
special tooling, the automatic screw machine can be set up and 
adjusted fors the job in hand. 

First the pindle speeds are set up. For this purpose, the double 
cluster gear in the two-shaft gearbox is shifted to the position for the 
given range of speeds. Change gears, selected from the service manual, 
are to be installed on older models. Besides shifting the double 
cluster gear. on newer models, six trip dogs are installed. Each oper- 
ates one of the limit switches LS1. 

The camshaft drive gears (A, B, C, and D) are selected to suit the 
number of seconds to make one piece and are installed as shown in 
Figs, 125 and 128. Doors and covers must be closed after installing 
the gears. A spring collet, feeding finger and collar are installed of 
«size to suit the bar stock. The spring collet is changed by unscrewing 
the nut with L. H. thread on the spindle nose (see Fig. 126), remov- 
ing the collet and then installing the new collet. Then the nut is 
replaced and is drawn up tight. The feeding finger is changed by 
removing the feeding tube together with the ball bearing, after re- 
leasing the screw which draws up the split section of the feeding slide 
housing. The feeding finger 4 is screwed on the tube end on L. H. 
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thread. The nut is removed from the left end of the tube to change the 
stock collar. After this, the feeding tube with the new feeding finger 
is reinserted into the spindle and the split section of the feeding slide 
housing is drawn up tightly. 

The clamping force provided by the spring collet is checked by 
chucking a bar and attempting to shift the chucking sleeve by hand 
with a lever. The clamping force is regulated with two nuts at the 
left end of the sleeve. When the collet is open, the bar should pass 
through it freely; the closed collet grips the bar firmly. In setting 
up, the stock feeding cam is adjusted so that stock feed begins only 
after the cut-off tool is fully withdrawn. 

The chucking lever must be removed after setting up, otherwise it 
may cause an accident. 

The device for adjusting stock feed (see Fig. 126) is set to feed a 
length equal to the workpiece length plus 4 or 5 mm. By turning the 
square head of the screw, the slide block may be adjusted to the 
required tube movement. 

Stock is inserted either by hand or with the device shown in Fig. 
134. Before insertion, a new bar should be carefully straightened, 
wiped off and oiled. After removing the butt end of the old bar from 
the spindle, the chucking lever is put on, the stock stop is retracted 
aud the bar is pushed forward by hand so that 2 or 3 mm are cut off 
for squaring the end. Then the stock stop is returned to the working 
position and stock is fed by rotating the camshaft by hand. The 
stock stop is adjusted to its final position at this time. 

The next setting-up operation is installing the turret and cross slide 
cams. 

The turret cam 73 is mounted on the transverse section 73 of the 
camshaft (see Fig. 128). First the nut 72 is removed. The position. 
of the cam on the shaft is determined by the hole for the localing 
pin. Since this hole coincides with the 0 hundredth and the lobes of 
all the cams are layed out on this principle, a strict sequence of move- 
ment and interaction is always provided for. 

The cams for the cross slides are changed by removing the nuts on 
both parts of the camshaft, removing the cams and the claw clutches, 
and replacing the cams. In installing the cross slide cams. their 
lobes must be shifted in reference to the zero marks on the claw 
clutches by the number of hundredths indicated in the setup 
chart. 

The next operation is to clamp and adjust the cutting tools. First. 
the cut-off tool is set up. The distance from its left-hand edge and the 
chuck face must coincide with the dimension given in the setup chart. 
The cut-off tool is set so that in its extreme forward position it passes 
slightly beyond the work axis (0.3 to 0.5 mm). The roll of the lever 
actuating the slide must be on the highest point of the cam at this 
time. The stock stop may be finally adjusted only after the cut-off 
tool is properly set up. 
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Before making final adjustments on the other tools, it is necessary 
to set the trip dogs on drums JS and 20 (see Fig. 128) to engage the 
single-revolution clutches of the auxiliary camshaft. Trip dogs for 
indexing the turret are mounted on drum /8. At the end of the index- 
ing movement, the roll of the segment gear lever, which operates the 
turret slide, should be at the beginning of the working feed lobe for 
the next operation element and at the end of the drop on the idle 
motion curve. 

The cutting tools in the turret are finally adjusted after making 
the first test workpiece and carefully checking its dimensions to 
determine all the errors in comparison with the detail drawing. 

Tools for machining external diameters are set to the lower limit 
of the tolerance; tools for machining holes are set to the upper limit. 

Tooling dimensions and slide arrangement for model 1A136 are 
given in Fig. 435. 

The machine is started on an automatic cycle only after final 
adjustments have been made in the culling tools. Several test work- 
pieces are then made and carefully inspected. If they conform to the 
specifications and the detail drawing, the machine is started for reg- 
ular automatic operation. 


CHAPTER Il 
SINGLE-SPINDLE SEMI-AUTOMATIC LATHES 


§ 88. MACHINING SEQUENCE 


A large number of different models of general- and special-purpose 
semi-automatic lathes, both the between-centres and chucking types, 
are produced in the Soviet Union (Tables 20 and 21). 

Semi-automatics are multiple-tool machines designed for turning 
work of separate blanks (forgings or castings). 

Blanks processed on semi-automatic latnes may differ greatly in 
form and size, therefore, the machines in this group may differ 
considerably in purpose, size, processing capacity, design, and gen- 
eral arrangement. 

Single-spindle semi-automatic lathes may be classified as between- 
centres and chucking types. 

The between-centres type of semi-automatic is used, as the name 
implies, for work held between centres. The work is usually of a 
length many times larger than the diameter. 

The chucking type machines are employed for short work of large 
diameter. 

It is, of course, evident that a chuck may be installed on between- 
centres machines to perform chucking work and that work may be 
held between centres on the chucking machines if a tailstock is 
installed. 
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Table 20 
Brief Speciiications of Multiple-Tool Semi-Automatic Lathes 


Model 
Item Unit 
45-1720 | 44-1730 116 | 118 
Height of centres .. .. . mm. 150 200 250 395 
Maximum distance between 
centres . 2... ew ee mm 300 900 450, 800, 600, 
1200 1000 
Maximum diameter machined 
over slides ..... aa nim 200 335 200 450 
Number of spindle speeds . —- 12 12 8 9 
Range of spindle speeds . .| rpm 105 to 40 to 56. to 19 to 
1,000 000 376 126 
Number of feeds .... . — 8 8 9 9 
Range of longitudinal sad- 
dle feeds . 2... 0. mm rev | 0.7 to | 0.42 to | 0.26 to | 0.19 to 
1.02 1.38 1.89 2.74 
Range across slide feeds —. | mm/rev | 0.19 to {0.016 to | 0.23 to | 0.11 to 
2.51 2 1.70 2.53 
Motor power: 
main drive... .... kw 0.8 10 8-17 10-25.5 
rapid traverse drive . . . kw — 4 — — 
Overall dimensions: 
floor space occupied =... mm 1,800 |; 2,200« | 2,540« | 4,100 
41,290 | «1,700 | x1,210 | «1,580 
height 2... ....2.. mim 1,340 1,420 1,820 2,400 
Approximate net weight . . kg 4,800 3,000 3,500 7,100 


In the last years single-spindle semi-automatics are frequently 
furnished with magazine feed devices or automatic handling devices 
which convert them into fully automatic lathes. 

Alternate tooling arrangements for turning work between centres 
are illustrated in Fig. 136. 

Machining method No. 1. The complex stepped contour of the work- 
piece is machined by a single tool mounted in the front longitudinal 
slide. The movement of the slide duplicates a template. The tools 
in the rear slide turn faces and chamfers, and round olf corners. 
Machining time is determined chiefly by the operation of the longi- 
ludinal tracer-controlled slide carriage which travels the full length 
of the workpiece. 

Machining method No. 2. Five single-point tools are mounted on the 
front slide to machine the various steps. The middle tool duplicates 
the form of a template and turns the taper. Tools on the rear slide 
face the shoulders and chamfer, and round off the corners.‘The machin- 
ing time is considerably shorter than in method No. 1 and is approx- 
imately equal to the time required to turn the taper. 
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Table 2} 


Brief Specifications of Single-Spindle Hydraulic Tracer-Controlled 
Semi- Automatics 


Model 
Item Unit 
1712 | 1722 | 1732 

Maximum diameter machined mm 125 
Length of workpiece accom- 

modated ........ mm 500 1,275 
liange of spindle speeds . . rpm =| 73 to 2,050 | 71 . ” 410/56 to 1,000 
Maximum extension of the 

tailstock spindle ... . mm 130 175 | 
Maximum total (working) | 

travel of the tracer-con- | 

trolled slide carriage: 

longitudinal travel .. . mm 555/500 850,810 4 ,200;1, 200 

cross travel .., .... mm 80/60 110/90 160/120 


Maximum total (working) 

travel of the cross (facing) | 

SHG ots xt ache aoe oe, Ane mm 100,70 120,60 , 80/42 
Range of feeds: 

tracer-controlled slide car- | 


TIAGO Ss cae Be Gy, we a mmjmin | 20 to 700 | 20 to 700 | 7.5 to 000 

cross (facing) slide .. ./| mm/min| 18 to 400 | 18 to 400 | 7.5 to 400 
Speed of rapid traverse: 

tracer-controlled slide car- 

riage (longitudinal and 

cross traverse) ..... m/min 5.0/1.0 3.9/1.3 2.7/1.7 

cross (facing) slide ...{ m/min 2.3 2.0 2.4 
Main drive motor powcr. kw 10-14 14-28 40 
Overall dimensions: 

floor space occupied . . . mm 2,300 x 2,900 X 4,008 x 

«1,150 1,345 | x 1,800 

MO@ight. ae ot werd wee x mm 1,900 2,100 2,100 

Approximate net weight . . kg 3,800 5,500 9,000 


Note. Multiple-tool semi-automatics, models 1721 and 1731 differ slightly from 
models 1722 and 1732 in their chief specifications. 


Machining method No. 8. The tools of the front slide turn the work 
without using any template whatsoever and, therefore, the taper is 
only rough turned. It is finished by the wide forming tool !n the rear 
slide. Other tools in the rear slide face the shoulders and chamfer, 
and round off the corners. This method enables the taper to be turned 
by two tools, each travelling one half of its length. This decreases 
slide travel in comparison with method No. 2. The time required for 
the operation of the rear slide may increase somewhat since the use 
of the wide tool will demand a reduction in the rate of feed. 

A comparison of these three methods shows that from the point 
of view of setting-up time, simplicity and low cost of tooling, the 
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most expedient will be the se- 
quence of operations shown in 
method No. 1. Tooling and setups 
of methods No. 2 and 3 are much 
more involved. The cycle time 
will be least for method No. 3 
and slightly longer for method 
No. 2. 

Tracer-controlled turning as 
illustrated in method No. 1 is 
more and more widely used, not 
only in lot but also in mass pro- 
duction. Stepped work is turned 
between centres or in a chuck 
on tracer-controlled lathes. 

In selecting a machine tool for 
a job of this type, it is neces- 
sary to make a comparative 
analysis of multiple-tool and tra- 
cer-controlled machining. A 
general rule is that long work- 
pieces may be turned more eco- 
nomically, in mass production, on 
multiple-tool semi-automatics. 
since the machining length is 
divided between many tools. 
Tracer-controlled semi-automat- 
ic lathes are more expedient for 
lot. and sometimes mass, pro- 
duction of comparatively short 
workpieces. 

Comparative diagrams of cal- 
culated machining time for proc- 
essing astepped shaft on various 
types of single-spindle semi-auto- 
matics and automatics, in accor- 
dance with the lot size, are shown 
in Fig. 4137. 
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Fig. 136. Various machining methods 
for between-centres semi-automatics. 


Fig. 138 illustrates typical tooling layouts for single-spindle 
semi-automatics. Comparatively long workpieces must be supported 
by the tailstock centre as in Fig. 138 a. 

If the length of the work exceeds 10 diameters, a steadyrest 
must be used (Fig. 138 6). If the workpiece has a central hole 
and the ends are to be faced, it is mounted on an expansion mand- 
rel. Mandrels may also be expediently employed in cases when the 
external surfaces must be concentric with previously machined bores 


(Fig. 138 c). 
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Tooling layouts, with the work held in a chuck, are illustrated 
in Fig. 138 d and e. 

External surfaces may be machined with cross, longitudinal, or 
combined tool travel. Combined travel comprises two motions: 
feeding in to the required,depth of cut and longitudinal feed. Machin- 
ing long surfaces with cross feed-in is the most effective method since 
the machining length is “broken up” between the longitudinal-feed- 
ing tools and slide travel will be at a minimum. Factors limiting 
the use of this method may be lack of rigidity of the workpiece and 
the width of the surface to be machined. 

Turning with cross feed is applied only for comparatively narrow 
surfaces. If stepped work is turned with a wide forming tool, the var- 
ious steps will be machined consecutively. First, the smallest diam- 
eter on the work will be turned, etc. This is true if the blank is of 
cylindrical form. If the blank, a forging oracasting, has a stepped 
form, then turning may begin almost simultaneously on all the steps. 

Turning with longitudinal feed and with several tools, each taking 
a consecutive. cut, involves longer slide travel than cross turning 
does; the total chip cross-section increases in the course of operation 
and reaches a maximum value when the last lool starts its cut. 

A large number of tools may work at the same time when exter- 
nal surfaces are turned by the combined method. Machining time is 
substantially reduced. This method, however, involves the cutting 
of a large total chip cross-section and requires lathes powered for 
heavy cuts. Slide travel may be reduced to minimum values. Limit- 
ing factors are the possibility of arranging the tools, lack of rigidity 
of the workpiece, and the available power of the lathe. In this 
lype of setup, the travel equals the distance between adjacent 
tools. 

Short work, which requires internal in addition to external machin- 
ing, is best held in a chuck. 

Copying or duplicating lathes with a tracer-controlled drive are 
being more and more widely applied. Their advantageous feature is 
that they turn stepped surfaces with one single-point tool that is 
casy to set up and easy to change. High-cutting speeds may be em- 
ployed on these semi-automatics. This compensates for the losses 
due to longer travel than on multiple-tool machines. An example 
of a tracer-controlled turning setup is illustrated in Fig. 139. 


$ 89. SINGLE-SPINDLE SEMI-AUTOMATIC LATHES WITH CAMSHAFTS 
AND CAM FEED DEVICES 


Multiple tool semi-automatics with camshafts are widely used 
in the U.S.S.R. and in other countries. These machines have a high 
production capacity. Changing over from one job to another, how- 
ever, takes considerable time, as do setting up and adjustments. 
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Fig. 138. Turning work on 
a—work supported by tailstock centre, b—long workpiece supported by a steadyrest: 
a mandrel, d—ring-shaped work held in a chick, 
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multiple-tool semi-automatics. 


1—cim bars, 2 and 4—toolslides, 3—steadyrest, .c—hollow workpiece mounted on 
e — bevel gear blank held in a chuck. 
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Fig. 139. Turning work on tracer-controlled lathes with automatic multiple- 
cut arrangements. 


These lathes, in which automaticity is provided on a mecha- 
nical basis, by cam action, are described in the following para- 
graphs. 


§ 90. MULTIPLE-TOOL SEMI-AUTOMATIC LATHE, MODEL 116 


This semi-automatic (Fig. 140) is of a horizontal design in which 
the headstock, tailstock, carriage, and back arms are mounted on the 
bed. 

All automatic movements of the operative units are obtained 
from cams on the camshaft arranged inside the bed. 

As is evident from the gearing diagram (Fig. 141), the camshaft 
rotates at two speeds in each cycle: a high speed for idle motions and 
a slow setup speed for working travel. Three cam drums on the cam- 
shaft control all cycle elements through levers and tie-rods. The 
friction clutch and brake of the spindle drive are interlocked and may 
be operated both automatically and manually. The tailstock may 
be adjusted along the bed and clamped to suit the workpiece 
length. : 

The figures in Fig. 141 indicate the number of teeth on the 
gears. 
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The carriage and back arms are of the tilting type, i. e., crosswise 
movement of the tools is due to a rocking motion actuated by cams. 
The front longitudinal carriage comprises three parts (Fig. 142): 
the carriage body 4, sliding block 8, and dovetail slide 2, to which 
the tool block or holder 7 is fastened on a dovetail. The body 4 has 
the form of a bracket clamped on the centre bar 5 which travels 
together with the carriage and is operated from cams on the drum. 
A shoe with a follower toe 9 is hinged to the overhanging part of 
the carriage body. This toe slides along a flat cam 6, called a former, 
mounted on the former slide 7 and adjusted by levelling screws S. 
The former slide has a longitudinal motion controlled from a cam ona 
drum. The former 6 causes the tools to move along an angular path to 
start the cut when the toe slides on the inclined surface of the former. 
The sliding block 3 on the body 4 may be adjusted in a cross direction 
by the screw JZ and handle 70 to obtain the re quired work diameter. 
Longitudinal movement of the carriage is actuated by single-edge 
cylinder cams followed by a roll carrier mounted on the centre bar 5 
which carries the carriage body. Stop collars on the bar limit carriage 
travel. 

The rear tool slide or back arm (Fig. 143) has a tilting motion on- 
ly. The body 3 is a double-arm lever which rocks together with the 
back bar 4 on which it is mounted. The tool block 7 is mounted di- 
rectly on its dovetail slide 2. The back arm is adjusted to the work- 
piece diameter by the ram 6 which may be set by the screw 5 as 
required in the body 8. The arm carries the shoe 7 with its toe. 

The shoes of both carriage and back arm are held tightly against 
their formers by the action of weights through a system of 

le vers. 

A typical operating cycle for the model 116 semi-aulomatic is 
shown in Fig. 144. Here, in position J the carriage starts ils rapid ap- 
proach to the work, in position IJ the carriage feeds in to start the 
cut, in position III the carriage tools begin to turn the work and the 
hack-arm approaches the work, in position IV both carriage and back 
arm have reached the end of their working feed, in position V the 
carriage is retracted slightly from the work to provide tool relief and 
(hen both carriage and back arm are returned, and in position VJ, 
reach their initial positions. 

The cams required for the operating cycle are mounted and fas- 
{ened in the slots of the large drum. The cams are selected from the 
service manual to provide the required length of travel. 

These semi-automatics are set up in the following order. 

1) The chucking or clamping device is checked as well as the posi- 
lion of the tailstock. The spindle speed and cycle time are set up in 
accordance with the tooling layout and setup chart. 

2) The working feed cams are installed; first the front carriage cam 
is mounted so that, before carriage return to the initial position, the 
former slide has a movement of 15 or 20 mm to provide for a slight 
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retraction of the tools from the machined surface. The cam for engag- 
ing slow travel of the camshaft is then installed as are the remaining 
cams. 

3) All cams are set up tentatively at first and are finally clamped 
after inspecting the test workpiece and making all readjustments. 


Fig. 148. Back arm of semi-automatic, model 116. 


J — tool block, 2— dovetail slide, 3— back arm body, 
4 — back bar, 5 — screw for adjusting shoe and toe, 6 — rain, 
7 — shoe. 


4) Tools are clamped in the carriage tool blocks with the sliding 
block retracted. The master workpiece is mounted between centres 
or in the chuck. The camshaft should be in the position when the 
toe of the carriage is at the point just beyond the rise on the former 
of the former slide. By means of the adjusting screws, the tools are 
advanced to contact the master workpiece, then the former is clamped 
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Fig. 144, Carriage operating cycle for semi-automatic, model 116. 


tightly. The camshaft is then rotated further until the roll of the cen- 
tre bar reaches the flat after the rise for longitudinal feed. At this, 
all the tools have reached the end of their travel, i. e., the end of 
their steps. If everything is in order, the tools and cams are clamped 
properly. 

0) The back arm is set up with the counterweights removed. The 
final position at the end of tool travel is checked. 

6) ‘Test workpieces are turned and after inspection the tools are 
readjusted as required. Another test workpiece is turned with manu- 
al rotation of the camshaft. The design of semi-automatic, model 
118, is very similar to that described above for model 116. 


Fig. 145. Multiple-tool semi-automatic lathe, model 44-1730. 


1I—control lever, 2—pump switch, 3—main drive change gears, 4—push-button station, 5— 
square shank of removable handle for adjusting the front carriage spring, 6—handwheel for 
cross traverse of the front toolslide, 7—handwheel for longitudinal traverse of the front 
saddle, 8—tailstock spindle binding lever, 9—handwheel for extending the tailstock spindle, 
10—adjusting screw for setting the tailstock, 11—square shank of removable handle for 
setting the rear carriage, 12—handwheel for cross traverse of the rear toolslide. 
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§ 91. MULTIPLE-TOOL SEMI-AUTOMATIC LATHES, 
MODEL 1720 AND 1730 


These semi-automalics are general-purpose machines; their sct- 
ting up does not involve the manufacture of special cams or even 
change-overs of the camming system. The general arrangement of the 
units of these machines (Fig. 145) differs only slightly from that of 
ordinary engine lathes. ‘The longitudinal front carriage travels on 
the bed ways in the front of the lathe, the cross feeding carriage is 
arranged in the rear. Line and isometric gearing diagrams of the 
Jarger of these lathes, model 1730, are illustrated in Fig. 146 a and 6. 
The figures in Fig. 146 a indicate the numbers of tecth on the gears. 

A lead screw provides longitudinal feed of the front carriage; the 
feed is set up with change gears. A rack is fastened to the front car- 
riage saddle. It drives the rear cross slide through gearing and a cylin- 
der cam. lapid slide traverse is powered by a separate motor through 
an overrunning clutch. Manual travel is accomplished by a hand- 
Wheel with the claw clutch of the feed drive disengaged. The semi- 
aulomatic is controlled from a single lever and by an automatic elec- 
trical system. ‘The operating cycle is set up with change gears and ad- 
justable trip dogs. 

The operating cycle consists of rapid approach, working feed, and 
rapid return of the tool slides to the initial position. At the end of 
(he cycle, the spindle rotation is automatically switched off, the 
finished workpiece is unloaded by hand and a new blank is mounted. 

Machine control is based on the in-travel or sequential principle. 
Therefore. setling-up consists mainly in setting trip dogs and stops 
of the rack in the automatic control system to the required length 
of longitudinal travel. The movement of the rack is one half of car- 
rlage travel. 

Calculation of machining time for a given workpiece is based on 
Lhe time required for front carriage travel since rear slide movement 
is obtained from this travel. Rapid approach and withdrawal is 
performed at a speed of 2.3 m per min. 


Example: Delcrmine the cycle time for machining a workpicce on the semi- 
automatic, model 1730. Spindle speed n,=200 rpm, full length of front carriage 
travel L=!59 mm, which includes a working travel /=60 mm ata feed of s=0.50 
mm per revolution. 

Time required for the rapid approach movement will be: 


L—l 
La ye sec. 


Time required for working feed will be: 


60x60 60x60 
ww Roxs  200X0.5 


= 36 sec. 
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Time required for rapid return will be: 


150 60 
rr 9,300 


t ~A4A sec. 


The total machining time will then be: 
T =t tly tt,,»=2-4+36+4=42,4 sec. 


If to this value is added the handling time required for starting the 
lathe, loading, clamping, and unloading the work, the result will be 
the cycle time. 


§ 92. HYDRAULIC SINGLE-SPINDLE SEMI-AUTOMATIC LATHES 


Hydraulically-operated lathes possess considerable advantages in 
comparison with machines whose automaticity is based on camshafts 
and cam mechanisms. A hydraulic drive facilitates and simplifies 
automation. It substantially reduces the time required for setting-up 
operations and enables the capacity of the lathe to be more efficiently 


Multiple - tool semi - automatic a 7 ————— 
(baste model) Model 1721 ; inthe Model 1f21C, eee 


Tracer-controtled semi-automatic lathe  Spectal tracer-controlled semi- 
Model 1722 Dae lathe Model 17220 


Fig. 147. Unified multiple-tool and tracer-controlled lathes, models 1721, 1722, 
1721C, and 1722C. 
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Fig. 148. Schematic diagram of a magazine-feed device for single-spindle 


lathes. 


used. A large number of general-purpose, single-purpose and special 
lathes with hydraulic drives are manufactured in the Soviet Union. 
A range of hydraulically-operated lathes comprising several sizes 
of multiple-tool and tracer-controlled models are available (see 
Table 21). Semi-automatics in this range are high-speed, powerful, 
high-production lathes which may find effective application not 
only in mass, but in lot production as well. 

Since the machines in this range are unified (Fig. 147) on the basis 
of a common basic model, only one multiple-tool and one tracer- 
controlled lathe will be described. All of these models may be 
equipped with magazine feeds (Fig. 148) and operate as fully aulo- 
matic lathes. 
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§ 93. MULTIPLE-TOOL SEMI-AUTOMATIC LATHE, MODEL 1721 


This semi-automatic lathe (Fig. 149) is designed for turning vari- 
ous types of shafts between centres, work mounted on a mandrel, etc. 
Work may also be held in a chuck. 

The semi-automatic comprises the following principal units: bed, 
headstock with speed gearbox, tailstock, upper and lower carriages 
with their drives, hydraulic system with oil tank and control panels, 
and electrical equipment. 

General arrangement. Model 1721 has a highly rigid frame-type bed 
mounted on legs. The right-hand leg contains the hydraulic oil tank; 
the left-hand leg houses the main drive motor. The ways for the upper 
and lower carriage are arranged in a single plane at an angle of 15° 
from the vertical. The headstock and the hydraulic cylinder for lon- 
gitudinal feeds of the upper and Jower carriages are mounted at the 
left-hand side of the bed. The tailstock is mounted at the right on 
special ways. 

Recesses al the rear of the bed contain electrical devices and the 
hydraulic pump motor. 

ITeadstvck with speed gearbex (Fig. 150). The spindle is driven from 
the motor through V-belts and further through the speed gearbox. 
‘The spindle is stopped by a brake with electromagnetic controls. 
The spindle runs in antifriction bearings. The front support consists of 


Fig. 149. Hydraulic multiple-tool semi-automatic lathe, model 1721. 
I—cutting fluid cocks, 2—handle for cleaning the filter, 3—hexagonal shank for changing 
‘spindle speeds, 4—setting up control panel, 5—spindle, 6—work light, 7—upper carriage, 

§—tailstock, 9—lower carriage, 10—tailstock control lever, 11—control panel. 
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a cylindrical roller bearing with a tapered bore and two thrust bear- 
ings. The rear support consists of two ball bearings. 

The front spindle support is adjusted by removing the headstock 
cover and by tightening or loosening the adjusting nuts as required. 

The speed gearbox provides for spindle speeds in a range from 71 
to 1,410 rpm by means of two sliding double cluster gears and change 
gears. 

The speed gearbox is lubricated by an individual plunger pump 
which delivers oil to a central distributing bath inside the headstock. 
From here it flows to all gears and bearings. 

The tailstock is clamped on special ways. This enables the car- 
riages to be withdrawn to their extreme right-hand positions beyond 
the tailstock. 

The tailstock spindle runs in antifriction bearings (see Fig. 80). 
Its front support consists of a cylindrical roller bearing and two ball 
thrust bearings; the rear support consists of two radial ball bearings.. 

The tailstock spindle is actuated by a hydraulic cylinder con- 
trolled by a lever on the oil tank. Two hydraulic cylinders in the tail- 
stock housing clamp the spindle; when the tailstock centre bears 
against the workpiece oil enters these cylinders and binds the tail- 
stock spindle. 

The front support is adjusted by removing the stamped cover and 
rotating the nut afler first unlocking it. If it is necessary to adjust 
the roller bearing to the left, the plug is removed from the tailstock 
spindle, the nut is secured and the spindle is turned. 

The bearings of the inner tailstock spindle are grease-lubricated 
through fittings on the top of the tailstock. 

Carriages. Each carriage is traversed bya hydraulic cylinder mount- 
ed on the left-hand side of the bed. By means of the cam bar saddle, 
the toolslide may operate with straight, angular, or combined feed-in, 
is well as with cross movement (Fig. 152). 

In angular feed-in, the cam bar is rigidly attached to its saddle 
which is fastened to the bed with screws and a’ wedge. 

Upon longitudinal travel of the carriage, the roller, linked to the 
toolslide, follows the inclined part of the cam to accomplish angular 
feed-in for startling the cut. When the roller reaches the horizontal 
section of the cam, the tools begin turning a cylindrical surface. 

The tools are retracted from the work at the end of the cut by a 
retraction bar, arranged under the cam (Fig. 153). At the end of the 
working feed, the travelling retraction bar runs against a stop, se- 
cured to the bed; its projections are shifted from those of the sta- 
lionary cam bar and the tools are relieved. 

At the end of the return travel, the retraction bar runs against an- 
other stop which sets it up again for the next cycle. 

Carriage travel in both directions is limited by these stops. 

The cutting tools are set to the depth of cut by a square shank on 
Lhe front of the cross slide (see Fig. 150). The carriage is lubricated by 
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Fig. 152. Cycles of toolslide and carriage operation for the model 1721 semi- 
automatic lathe. 


a lubricator. The cross slide is held tightly to the cam bar by a strong 
spiral spring. To replace this spring, it must be removed together 
with its case from the carriage housing. A new spring is installed 
only with its case. 

Never remove the spring from its case in unconfined space as it 
may injure the operator in unwinding. 

The design of the upper and lower carriages is such that each may 
be employed both for longitudinal and cross travel. 


292 


The drives of the cam bars in the upper and lower carriages are iden- 
tical in design. In addition to their main functions, the cam bar sad- 
dles carry the carriage controls. These are actuated by trip dogs ona 
drum and limit switches which energise solenoids of the hydraulic 
control panels (Fig. 154). 

Hydraulic control panels of the lower and upper carriages and the 
tailstock are arranged in the walls of the right-hand leg of the bed. 
The motor driving the tandem vane pump of the hydraulic system 
is mounted on the oil tank. 


Fig. 153. Operation of a tool relief mechanism on toolslides of 
semi-automatics. 


Coolant system. The chip pan is of welded construction and is de- 
signed to catch chips and soluble oil cutting fluid. 

The pan is arranged between the legs and is connected by a pipe to 
a compartment of the left leg which houses the electric coolant pump. 

Hydraulic system. The hydraulic system is designed for traversing 
the upper and lower carriages, as well as for extending and clamping 
the tailstock spindle. 

The hydraulic system consists of: 

a) one tandem vane pump (rapid traverse pump section has a de- 
livery of 70 litres per min at a pressure of 15 to 20 atm and the work- 
ing feed pump section has a delivery of 12 litres per min at a pres- 
sure of 25 to 30 atm) driven by a separate motor; 

h) three hydraulic control panels of the upper and lower carriages; 

c) hydraulic control panel for the upper carriage and for tail- 
stock spindle travel and clamping; 
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d) hand-operated pilot valve’for tailstock spindle travel; 

e) hydraulic cylinders of the lower and upper carriages, and 
tailstock spindle and two cylinders for clamping the latter. 

Carriage and tailstock spindle operation is controlled by the hy- 
draulic panels which are connected to the delivery lines of the high 
and low pressure pump sections. 

The hydraulic control panels of the carriages are devised so that 
oil may enter the cylinder of each carriage either from the high 
pressure pump section, without admitting oil from the low pressure 
section, or vice versa. In this way, with any combination of carriage 
movement, the pressures in the system are maintained constant 
to provide for independent carriage operation. 

The hydraulic circuit and the control system enable an independ- 
ent cycle to be obtained for each carriage. Such a cycle may comprise 
rapid approach, first working feed, second working feed of the 
lower carriage, rapid return, carriage stop in the initial position, 
and carriage stop at any point with consequent renewal of the 
cycle. 

When doth carriages operate on working feed or stand idle in 
their initial positions, the low pressure pump section discharges to 
the tank. 

The high pressure pump seclion discharges to the tank when the 
tailstock spindle is retracted. 

Control valves of the system are actuated by solenoids which 
are energised by limit switches or pressure relays. 

The bydraulic control panel for clamping the tailstock spindle 
contains a check valve of the low pressure pump section, a check 
valve of the high pressure pump section, reducing valve, spindle 
clamping valve, and reversing valve. 

The pilot valve for tailstock spindle control is hand-operated 
and is mounted on the front of the lathe. It has the following three 
positions: 

a) “Unclamp” with the spindle in its initial position. 

At the beginning of the cycle, when the workpiece has been un- 
loaded, the tailstock spindle pilot valve is in the “Unclamp” posi- 
tion. The toolslides are in their initial positions and their control 
valves are in the “Stop” positions. 

b) “Clamp” to advance and clamp the tailstock spindle. 

After loading the blank to the line of centres, the operator presses 
the pilot valve handle, shifting the valve to the “Clamp” position. 
In this position, the end of the reversing valve piston is connected 
to the tank and a spring shifts this valve to the “Advance” 
position. 

Oil from both pumps passes through the check valves of the tail- 
stock control panel, reducing valve, and grooves of the reversing 
valve piston to the rear end of the cylinder to advance the spindle 
rapidly toward the headstock. The tailstock spindle advances until 
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the tailstock centre forces the blank against the headstock centre, 
then the tailstock spindle stops. 

This increases the pressure in the oil supply system and oil, under 
the shoulder of the clamping valve, shifts it to the “Clamp” posi- 
tion shown in the diagram. Here oil is admitted to the clamping 
cylinders to clamp the tailstock spindle. 

The maximum clamping pressure is determined by the setting 
of the reducing valve in the tailstock control panel. A pressure 
range from 3 to 25 kg per sq cm is available. 

c) “Withdraw” —tailstock spindle withdrawal. When the pilot valve 
is shifted to the “Unclamp” position, the reversing valve is shifted 
to its “Withdraw” position. In this position, oil from both pump 
sections passes through the check valves of the tailstock panel and 
is directed to the rod end of the tailstock spindle cylinder, with- 
drawing the spindle rapidly to the initial position. 

In the “Withdraw” position, the low pressure pump discharges 
through the corresponding grooves of the control valve piston. 

Setting up this semi-automatic consists in installing the required 
change gears, shifting the double cluster gears as required in the 
speed gearbox, adjusting the hydraulic system and setting the limit 
switches of the in-travel control system. 

To install new change gears, the cover is removed from the change 
gear recess on the right end of the headstock. The cluster gears are 
shifted by turning the square shanks on the front wall with a wrench. 

The tailstock is clamped on the bed by first tentatively tightening 
the screw which locates the tailstock between the bed ways, then 
the bolts holding the tailstock to the ways are drawn up firmly. 

The carriages are set up independently of each other. The tooling 
or capacity chart of this machine is shown in Fig. 151. 

The proper sequence in the operation of the hydraulic units is 
accomplished by a) setting the trip dogs which actuate the limit 
switches and the positive stops which determine the place at which 
the pressure relay is tripped and the initial positions of the carriages, 
and b) turning the rotary electric switch to the given cycle (automatic 
or setling-up operation). 

Adjusting and setting up the hydraulic system. Before starting the 
lathe on an automatic cycle, the pump motor must be switched on 
and both carriages must be rapidly traversed alternately, by hand 
controls, from one extreme position to the other. This will eliminate 
air from the cylinders and pipelines. Smooth slide travel indicates 
that the air is removed. The same procedure should be followed 
for the tailstock spindle. Then the control panels for the slides 
and tailstock are adjusted and checked separately. 

The relief valves in the system are set with the tailstock control 
lever in the “Clamp” position. The high pressure relief valve is 
checked by its own pressure gauge which should indicate a value 
from 29 to 30 kg per sq cm. 
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The low pressure relief valve is set, with one of the toolslides in the 
rapid advance or return position, so that its pressure gauge indicates 
from 10 to 20 kg per sq cm. 

The maximum force with which the work is held against the head- 
stock centre is adjusted by turning the screw of the reducing valve 
with the tailstock spindle in its extreme left position. The pressure 
should be within the range from 3 to 25 kg per sq cm. 

The spring of the clamping valve is adjusted so that the tailstock 
spindle is clamped when the pressure in the system is from 5 to 10 kg 
per sq cm lower than the pressure for holding the work between the 
centres. 

The electrical circuit (Fig. 155) provides for both setting up and 
automatic operation. Either mode of operation is selected by turning 
the rotary switch handle to the corresponding position. 

1. Automatic operation. In accordance with the selector switch 
position, the lathe may operate on one of the following cycles: 
a) both carriages operate in parallel, b) the upper or lower carriage 
begins operating and then they operate consecutively, and c) only 
one carriage, upper or lower, is in operation. 

For automatic operation, the selector switch is set to the “Auto- 
malic” position and the carriages are withdrawn to their initial posi- 
tions to trip the initial position limit switches /LS/, 2LS/, 3LSJ, 
and 4LS/ (Fig. 155 a) and the cycle switch is turned to the required 
operating cycle. 

If the selector switch handle is in the vertical 0° position (Fig. 
155 c) then, after pressing push button 5PB, the spindle and pump 
motors are switched on. Both toolslides (upper and lower) advance 
rapidly to the work. Trip dogs actuate the limit switches JLST 
and 2L.S7 which change over to working feed. At the end of the cut, 
each toolslide independently changes over to rapid return. This is due 
to a pressure rise in their systems (when they reach their positive 
stops) which trips the pressure relays 7PR and 2PR. At the end of 
their return stroke, the slides trip the initial position limit switches 
ILST, 2LST, 3LST and 4ZLST and stop in their initial positions. 

If the handle of the selector switch SS is positioned at an angle of 
—45°, which corresponds to consecutive carriage operation, the 
upper carriage will begin to operate first, after pressing the push but- 
ton SPB. At the end of its working travel, the upper carriage will 
actuate the limit switch 3ZS which starts operation of the lower car- 
riage. 

With the handle of the selector switch in the —90° position, the 
lower carriage begins to operate and the upper carriage will be started 
by the lower. The carriages operate consecutively. 

The switch handle positions at +45° and -+90° correspond to 
operation of a single tool carriage, upper or lower, respectively. 

Any toolslide may be stopped at any point in the course of the 
cycle by pressing the “Feed-Stop” push button 6PR. The slide or 
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| Fig. 155. Electrical control circuit diagram. 
a—carriage cyclogram, b—rotary master switch diagram, c—selector switch handle positions 


slides will resume operation after pressing the “Cycle” push but- 
ton SPB. 

At the end of the operation, the spindle drive motor switches off 
and tle spindle is stopped by an electromagnetic brake. A signal 
lamp lights to indicate that the operation has been completed. 

2. Setting up operation consists in separate operation of the car- 
riages. The rotary switch is turned to the setting up position. In this 
position, the spindle drive motor is switched on and off by push but- 
tons. ‘The upper and lower tool carriages are controlled by the handle 
and push button of a rotary master switch. Turning the handle to one 
of its positions corresponds to working feed, toward the spindle, of 
one of the toolslides. If, in addition, the push button MS PB is pressed, 
rapid advance or return in the same direction will be obtained. 
Spindle and toolslide operation can be started in setting up, only 
after switching on the hydraulic pump motor. 

The electric coolant pump is switched on and off together with the 
spindle drive motor. If necessary, it may be controlled separately 
by a switch. 

Setups. The highest rate of production in a multiple-tool setup 
will be achieved if the whole length of the cut is divided between 
the maximum feasible number of tools operating simultaneously. 
Limiting factors, in this respect, are the available power of the lathe, 
the rigidity of the workpiece, and the space available for arranging 
the tools. Roughing and finishing operations are usually performed 
separately on multiple-tool semi-automatics. 

Table 22 illustrates an example of machining on the semi-auto- 
matic, model 1721. 


§ 94. TRACER-CONTROLLED SEMI-AUTOMATIC LATHE, MODEL = 1722 


This semi-automatic lathe has the same specifications, general 
arrangement, gear trains, and hydraulic system as the multiple-tool 
semi-automatic, model 1721. The principal difference between these 
semi-automatics is that model 1722 has an upper tracer-controlled 
toolslide which enables a workpiece to be turned with a single tool 
to duplicate a template or master model. 

The lower slides may turn deep grooves and face shoulders, i. e., 
those elements that cannot be turned with the tracer-controlled 
slide due to the form of the tool. 

Tracer-controlled machining provides for a sharp increase in the 
rate of production due to the reduction in the time required for chang- 
ing over (because of the small number of tools), the possibility of 
employing higher speeds and feeds, and a decrease in the number of 
measurements required. 

The following features are inherent to this lathe: 

4) ample power and high rigidity enabling up-to-date cemented 
carbides to cut heavy chips at high speeds; 
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Table 22 


Tooling Layout and Operation Sheet for the Multiple-Tool Semi-Automatic 
Lathe, Model 1721 


Hydraulic Multiple-Tool Material: casting CO 15-32 


Semi-Automatic Lathe, Model 1721 Speed gearbox 
Maximum cutting Spindle specd, rpm | Double cluster gear Change gears 
specd, m/min : position 
60/20 59 R. H. | L. H. aA | B 
Floor to-floor time, min 4.3 
II I 27 54 
Machining time, min 4.0 
5 £5705" Finished worspiece. 
7) (Blank dimensions 


i parentieses) 
Cl. CY 15-32 


——_-——— 


Sketch of workpiece 


Tooling layout 


: Consecutive : 
Travel,| Feed, | Feed, | revolu- lutions ing 
Slide | Operation clement mm |mm/min| mm/rev| tions time, 


required) start | finish eh 


Lower} Face ends’ and 
chamfer 1.5 45° 
ondiam 315 mm] 23 18 0.3 (77) | (155) | (232) | (1.3) 


Upper| Turn diam 315_,.5, 
and 92 _ 02s, 
chamfer 1.5 45° 
on diam 315 and 
215° on diam 
92mm ....| 416 29.5 0.5 232 0 232 4.0 


Time for idle motions, 0.3 min 
Xn, = 232 revolutions; ¢t,,= ee min. 


2) high versatility providing for tracer-controlled machining 
of a large variety of work; 

3) reliable protection against flying chips which is very important 
for operation at high cutting speeds; 

4) close arrangement of the work, tools, and the operator’s posi- 
tion ensuring convenient loading and unloading, work measurement, 
setting up and adjustments; 

Oo) unhindered chip disposal from the toolslides. 

General Arrangement. ‘The ways for the tracer-controlled (longitu- 
dinal) slide carriage are located at the upper part of the bed; the 
ways at the lower part accommodate one or two facing (cross) tool- 
slide carriages. 

The upper ways are of the flat type, induction hardened and pre- 
cisely ground. The lower slides are protected against chips by a 
system of shields. 

The headstock and the hydraulic cylinder for traversing the upper 
tracer-controlled slide saddle are fastened on the left-hand side of 
the bed. The right-hand side of the bed carries the toolslide carriages 
and the cylinder which actuates the facing slides. Racks with slots 
for fastening positive stops of the slides are mounted above and be- 
low, adjacent to the ways. 

A bracket, on the right end of the bed, carries a screw for adjusting 
the tailstock along the bed. 

An opening in the central part of the bed serves for chip disposal. 
This opening may also be used for accommodating a conveyer, when 
the Jathe is built into an automatic transfer machine, or for ejecting 
the finished work if a magazine feed device is installed. 

The bed rests on two base members; one houses the main drive 
motor and the other contains hydraulic system components. 

Headstock and tailstock are unified with and therefore identical 
to the same units in the multiple-tool semi-automatic, model 1721. 

Carriages or toolslides. The machine has three carriages; one tracer- 
controiled (Fig. 156) and two facing carriages (Fig. 157). The tracer- 
controlled carriage comprises the saddle, which is traversed by a 
hydraulic cylinder longitudinally along the bed, and upper slide 
which has a cross (tracer-controlled) movement in reference to the 
saddle. This movement is obtained from a cylinder mounted on the 
upper slide. ‘The duplicating motion of this cylinder is controlled by a 
tracer head which comprises a stylus and an automatic regulator 
(Fig. 158). The latter transmits the required work siguals in accord- 
ance with the prolile of a template or contour of a prototype work- 
piece (cr model). ‘The tool block of this slide may be adjusted to prop- 
erly position the toc!s in reference to the line of centres. A channel is 
provided in the tool block for passage of the cutting fluid to the cut- 
ting edges of the tools. 

The cylinder housing, mounted on the upper slide, carries the sty- 
lus valve. To obtain the correct diametral dimensions on the 
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Fig. 158. Hydraulic system diagram for the tracer-controlled slide carriage of 
semi-automatic lathe, model 1722 (shown in second working feed position). 


workpiece, means are available for varying the distance between the 
tip of the stylus and the tool nose in a vertical plane. To this end, 
the stylus valve, its actuating lever, and the tip, tracing the template 
profile, are arranged on a slide having vertical adjustment on the 
cylinder housing. This slide is adjusted by a handwheel througha 
screw. The handwheel is mounted on a bracket fastened to the cylin- 
der housing. The adjusting slide is locked in the adjusted position 
by! means of an eccentric clamp having a lever on the same axis 
with the stylus adjusting handwheel. 

Two handwheels are mounted directly on the saddle of the tracer- 
controlled carriage. One serves for adjusting the prototype workpiece 
or template in an axial direction (to co-ordinate the positions of the 
tool nose and stylus tip io an axial direction) while the second hand- 
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wheel controls the stylus stop. This 1atter is used for turning the 
workpiece in several cuts without changing the distance between 
the stylus tip and the tool. 

The stylus stop is employed, mainly, in cases when the allowance is 
to be turned off in a number of cuts. In this case, the stop is adjusted 
so that the stylus tip does not contact the template but the tool cuts 
off a part of the provided allowance. The full allowance is turned off 
gradually by releasing the screw of the stop the required amount after 
each cut. Before the last cut, the screw is released to allow the stylus 
tip to contact the template or prototype workpiece. 

The stylus stop also enables cylindrical workpieces to be turned 
without the need of a template or prototype workpiece. 

The tracer-controlled slide ways are lubricated by a hand-feed 
lubricator mounted on the longitudinal saddle. 

Carriage travel control (switch-over from one cycle element to the 
next) is accomplished by a pressure relay and limit switches mounted 
on the left-hand side of the lathe over the headstock (Fig. 159). 
A trip-dog bar, arranged near the switches and having T-slots, is 
rigidly fastened to the longitudinal saddle of the carriage. During 
carriage travel, trip dogs, mounted in the T-slots, trip the limit 
switches to engage the required elements of the operating cycle. 


a) Tracer-¢cirolied carriage 


Rapid ceproach Rapid return 
we 


Workirs Feed 


5LST- Rapid return trip dog 
3LST- 2nd working feed trip dog 
1LST- Rapid re approach 

) 


6} Cross slides 


Rapid 762.79 Rapid approach rip 
- i id ILSI, 3LSI - Trip ate for interlocking 
_ Working travel electrical circuit and stopping 


carriage.in initial position 
2181, 4LSI-Trip dogs for inter- 
2s/ —-2LST locking electrical circuit and 
stopping slides in initial 
position 
2LST- Trip dog for switching 
over to working fee 


= 


Fig. 159. Limit switch and trip dog setup on the semi-automatic lathe, 
model 1722. 
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The facing carriages serve to turn grooves and to face shoulders. 
‘they may be set up in any position along the bed, between the head- 
slock and their actuating cylinder. The saddles of the carriages are 
clamped to the bed at the required positions by gibs and stops. 

The hydraulic cylinder (Fig. 150), actuating the facing slides, is 
located at the right-hand side of the bed, near the end face. The piston 
rod of this cylinder is linked, through a threaded tie-rod and thrust 
nuts, with a cam bar which slides in special guides provided in the 
stationary saddles of these carriages. The motion of the cam bar actu- 
ates a follower roll with a slide block fastened to the upper (cross) 
slide. The latter is held to the cam bar by springs which also retract 
the slide at the end of the operation. 

The form of the workpiece may be such that one facing slide is 
sufficient to perform the required operation. in this case, the other 
carriage is positioned under the tailstock beyond the working zone. 
To be accommodated under the tailstock, the upper slide must be 
adjusted in relation to its slide block to its extreme lower position. 

The mechanism for mounting the template or prototype workpiece 
consists of a bracket, on which the template is secured, and a device 
for longitudinal adjustment. This latter enables proper linear co-or- 
dination to be achieved between the template and the cutting tool. 
The template bracket is adjusted longitudinally by a handwheel 
through bevel gears on the tracer-controlled carriage and a rod 
arranged along the upper bed ways. The threaded end of the rod is 
screwed into a nut fastened to the template bracket. Handwheel 
rotation adjusts the template bracket 15 mm in either direction. 

The template bracket may be replaced by a special plate for oper- 
ation with a prototype workpiece. Adjustable stocks with centres 
are mounted on this plate and the prototype is held between the 
centres. 

The coolant system and slide lubrication are the same as for the mo- 
del 1721 semi-automatic. 

Hydraulic drive. The semi-automatic lathe has two main independ- 
ent hydraulic systems, supplied from a single tandem-type pump. 
This pump also supplies the auxiliary hydraulic system for actu- 
ating the tailstock spindle. 

Duplicating is accomplished by the hydraulic tracing system 
which operates in the following manner: the stylus tip, contacting 
and sliding along the profile of the template (see Figs. 157 and 158), 
displaces the stylus valve piston in the direction corresponding to the 
rise or fall of the template profile. This admits oil into the cross 
feed cylinder of the tracer-controlled slide which then travels in a 
direction corresponding to the template profile. Since the stylus 
valve housing is rigidly fastened to the slide, the travel of the latter 
will continue until the port for admitting oil to the cross feed cylin- 
der is closed by the motion of the stylus valve housing. In this way, 
the slide reproduces the motion of the stylus tip. 
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An increase in the speed of crosswise motion of the slide automat- 
ically decreases the longitudinal feed of the saddle. The relation and 
rates of these feeds are set by the corresponding throttle valves 
through which oil escapes (sce Fig. 158). 

The hydraulic system of the cross slides is designed for “metering- 
in” control by means of a reducing valve, provided to maintain a 
constant pressure drop in the throttle valve. 

Slide and tailstock spindle control is accomplished by hydraulic 
control panels connected to the delivery lines of the high and low 
pressure pump sections. 

The hydraulic control panels are devised to supply each of the 
carriage cylinders from the high pressure pump section with the low 
pressure section shul out, or vice versa. In this nanner, the pressures 
in the systems are constant and provide for fully independent oper- 
ation of the slides. 

When all slides operate on working feed or stand in their initial 
positions, the low pressure pump scclion discharges to the tank. 

The high pressure pump section discharges when the tailstock 
spindle is unclamped. 

The hydraulic systems of the slides are controlled by solenoids 
which are energised by electrical travel-control devices such as limit 
switches and pressure relays (see Fig. 159). 

The required switching-over sequence of the hydraulic units for 
any given cycle is obtained by setting the trip dogs which close 
the limit switches and by setling the rotary selector switch to 
the required mode of operation (for either automatic or setting-up 
operation). 

The tracer-controlled and facing slides are set up independently. 

Setting up. The tracer-controlled semi-automatic, model 1722, 
is prepared for inachining a definite workpiece on setting-up opera- 
tion. It may be switched over to the semi-automatic cycle only after 
successfully turning a test piece. 

The mode of operation is established by a rotary selector switch 
on the control panel. In regular seini-automatic operation, the opera- 
tor loads and clamps the blank and then starts the lathe by pressing 
the “Cycle” push button. The lathe stops automatically at the end of 
the operation after the slides have been withdrawn. 

Several semi-automatic operating cycles are available. They are 
set up by the universal selector switch on the control panel and in- 
clude: a) both toolslides start together and operate in parallel, b) the 
tracer-controlled slide begins to operate first and the lower slides 
start at a preset time, and c) only the tracer-controlled slide is in 
operation (lower slides are switched off). 

In setting up operation the toolslides are manually controlled 
by means of a special handle on the setting-up control panel. This 
handle provides both rapid traverse and working feed of all slides in 
all directions. 
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Table 25 


Tooling Layout and Operation Sheet for the Tracer-Controlled 
Semi-Automatic Lathe, Model 1722 


Maximum cutting a 228 | 
speed, m/min — Spindle speed, rpm Blank | Gasting | Change gears 
Material: C. I. CU 21-40 A B 
71.4 143 Cee Oe a uh eae ais OO 
Part name | Sleeve ob | 4S 
I'loor-to-floor time, min | 1.5 | Machining time, min | ie 


Tooling layout 


= Consecutive . ae 

ESS = © Hy = fan 

Ss | 2] 8 | shes] . crate =.5 

iS Operation element a hoe ot | ad ie GNOMES: ulions Za 
= FH) 88] 38 |abos SBE 


| | 
Tracer- | Turn diam 155_ ss, : 
controlled | 147_9.s5, and 143_,.5, | 69 | 71.9] 0.5 120 OU 170 a 84 
. 


Lower Face ends and cham- | 
fer to diam 136.5_,,,| 15 |42.9/0.3 |} 50 | 0 


0.36 


Time for idle motions, 0.3 min 
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The elements of the above-mentioned cycles are swilched over by 
trip dogs mounted on bars which travel together with the tracer- 
controlled and facing slides (see Fig. 159). These trip dogs actuate 
ithe corresponding limit switches. 

A tooling layout and operation sheet for the hydraulic tracer- 
controlled semi-automatic, model 1722, are illustrated in Table 23. 


§ 95. PROGRAMME-CONTROLLED SEMI-AUTOMATIC LATHE, 
MODEL 1722II 


Model 1722I] is a standard tracer-controlled semi-automatic lathe, 
model 1722, described in § 94, to which programme control has been 
applied (Fig. 160a). 

This semi-automatic is designed for turning separate blanks pro- 
duced by hammer forging or by rolling, i. e., blanks with compara- 
tively large machining allowances that must be removed in several 
cuts. ‘This lathe enables the rate of production to be substantially 
increased in small- and medium-lot production on such work as 
stepped shafts. 

The programming facilities provide for selling up a cycle in mini- 
mum time and also reduce handling time in operation. 

The construction of the semi-automatic, model 172211, is the same 
as the line of tracer-controlled lathes (see Fig. 147). ‘The tracer-con- 
trolled carriage travels along ways at Lhe upper part of a highly rigid 
frame type bed, between the headstock and tailstock. ‘Two facing 
carriages are mounted on the lower ways. 

The tracer-controlled carriage (sce Fig. 156) comprises the saddle, 
traversed along the bed by a hydraulic cylinder, located at the upper 
left side of the bed, and the upper slide which has a cross (lracer-con- 
trolled) movement. Cross movement of this slide is obtained from a 
cyiinder and piston rod controlled by a hydraulic stylus and auto- 
matic regulator (see Fig. 158). 

Carriage travel control (switch-over from one cycle clement to the 
next) is accomplished by a pressure relay, contact-type transmitter, 
and stops arranged above the headstock. A plate with stops (or with a 
punched card) is also located here. The plate is rigidly fastened to the 
saddle of the tracer-controlled carriage. Upon carriage travel, the 
slops (or punched card) pass by the stationary contact-type trans- 
mitter and switch on the required element of the cycle (Fig. 160 b). 

A stop drum is mounted on the saddle of the tracer-controlled car- 
riage. This drum is used for multiple cut turning of workpieces with 
machining allowances larger than can be feasibly removed in one cut. 
ihe drum has six slots for clamping stops which enable five cuts 
to be made without changing the distance between the tool nose and 
stylus tip, i. e., toa stop. The sixth (last) cut is made with the sty- 
lus tracing the template. 
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Stylus stops, corresponding to the cuts, are clamped in the drum 
slots so that the stylus tip does not contact the template but the tool 
cuts off a part of the remaining allowance. The drum indexes after 
each cut, presenting a new stop which is lower than the preceding 
stop by the depth of the cut and the tool gradually removes the allow- 
ance. No stop is set up in the slot for the last cut. In this case, the 
stylus advances to contact the template and the slide with the tool 
reproduces the profile of the template on the workpiece. 

The facing carriages may be set up at any position along the bed to 
suit the facing cuts on the work (see Fig. 157). 

Cross movement of the facing slides is actuated by a hydraulic 
cylinder Jocated on the right-hand side in the front of the lathe. The 
piston rod of this cylinder is linked, through a threaded tie-rod and 
thrust nuts, with a cam bar which slides in special guides provided 
in the stationary saddles of these carriages. 

The facing tools are adjusted in length by moving the upper slide 
in relation to the slide block. ‘The slide block is fastened to the cross 
slide with one adjusting and two fastening screws. 

Cross slide movement is controlled by a bar with trip dogs linked to 
the piston rod of the hydraulic cylinder. These trip dogs close limit 
switches mounted on the cylinder housing. 

The hydraulic drive of the model 17221] semi-automatic is designed 
for actuating the tracer-controlled and facing slides, for extending and 
clamping the tailstock spindle, and for indexing the stylus stop drum. 

The hydraulic system of the tracer-controlled slide operates by the 
two-co-ordinate duplicating syslem. 

An increase in speed of crosswise motion of the slide automatically 
reduces the longitudinal feed of the saddle. The relation and rates of 
these feeds are set by the correxponding throttle valves through which 
oil escapes (“metering-out” system). 

Cycles. Semi-automatic and setting-up modes of operation are 
available on the semi-automatic lathe. 

The mode of operation is established by a rotary selector switch on 
the control panel. In semi-automatic operation, the lathe is started 
by pressing the “Cycle” push button. The lathe stops automatically 
at the end of the operation, after the slides have returned. 

Several semi-automatic operating cycles are available. ‘hey are 
set up by stops and include: 

a) tracer-controlled and facing slides start together; 

b) the facing slide or slides begin operating Jirst and at the end of 
their travel, the tracer-controlled slide begins operating; 

c) the tracer-controlled slide begins operating while the facing 
slides are engaged in the preset cut; 

d) only the tracer-controlled slide is in operation (facing slides are 
switched off). 

Instead of the ordinary trip dogs, contact change-over switches 
and rotary master switch, this semi-automatic lathe is equipped with 
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special stops enabling a sequence of work signals to be obtained in 
addition to checking the movements of the operative units. This 
system also allows the programme of the operating cycle to be pre- 
pared separately from the lathe. 

The programme-control system is of the in-travel type and consists 
of the following principal units: 1) electrical-contact-type transmit- 
ter, 2) set of stops, 3) electronic relays, 4) relay circuit decoder, and 
3) power relay circuit. 

The contact-type transmitter has 27 low-current control contacts 
and is attached rigidly on the bed. 

Each possible command or work signal corresponds to a definite 
combination of closed contacts. By using sets of four contacts, any of 
49 possible commands may be transmitted. 

The stops are profiled cams with a definite combination of projec~ 
tions and recesses. | 

If such a stop travels in reference to the contact-type transmitter, 
certain contacts will be shorted to the body of the lathe. This will 
close the corresponding electronic relays and a special relay decoder 
circuit will transmit the required work signal to the power relay cir- 
cult. 

The stops for controlling the operating cycle are mounted on a 
plate rigidly fastened to the saddle of the tracer-controlled slide. 

Each contact of the transmitter is connected to the input of its 
electronic relay which is designed as a single stage amplifier. ‘The coil 
of the clectromagnetic relay P& is connected to the plate circuit of 
the amplifier tube. 

The contacts of all such relays close the corresponding relays 
of the decoder. A combination of decoder relay contacts form the 
decoder circuit. The output of this latter circuit is connected to 
the power relays which directly control the movements of the 
operative units. 

The contacts of the transmitter are divided into five groups of 
five contacts each. Each group controls one cut in the operation. 
Two contacts, not included in the groups, fix the initial position of the 
template. 

If the cycle is to be set up outside of the lathe, a punched card of 
stiff cardboard is employed in place of the stops. The punched card 
is layed out in length and the required contact combinations are ob- 
tained by punching holes at the required places. Such cards may be 
rolled up and stored for future use. 

A two-way selector switch is used to control the facing and tracer- 
controlled slides in setting-up operation. 

The sequence of cuts in turning a stepped shaft on the semi-auto- 
matic, model 1722II, is shown in Fig. 161. 

The first four cuts are controlled, as concerns diameter and length 
dimensions, by the programming device; the fifth cut is tracer-con- 
trolled. 
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Fig. 161. Machining sequence of a stepped shaft in five cuts on 
the semi-automatic lathe, model 1722II. 
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§ 96. VERTICAL SINGLE-SPINDLE SEMI-AUTOMATIC LATHE, 
MODEL MP4H 


The vertical semi-automatic, model MP4H (Fig. 162) is designed 
for turning large forgings, from 250 to 500 mm in diameter and from 
65 to 200 mm in height, at high cutting speeds with cemented-carbide 
tipped tools. A power of 55 kw is available. The lathe has a hydraul- 
ic drive and electrical controls based on the in-travel or sequential 
principle. The vertical arrangement of this lathe imparts high rigidity 
and vibration-proof qualities and enables considerable floor space 
to be saved in comparison with similar horizontal lathes. 

The main drive motor and the spindle are arranged in the base 
(Fig. 163). The hydraulic chucking device is inside the spindle 
(Fig. 164). 

The main drive motor (see Fig. 163) transmits power through a 
flexible coupling to the drive shaft. From here, rotation is trans- 
mitted through spiral bevel and helical gearing to the spindle. Spindle 
speeds are varied by change gears. A shoe brake is provided to stop 
the spindle quickly after switching off the drive. 

Three independent carriages are mounted on the semi-automatic. 
They are the longitudinal, boring, and cross carriages. All toolslides 
have hydraulic feeds which may be quickly changed over when neces- 
sary. 

The longitudinal carriage has Jongiludinal travel actuated by a 
hydraulic cylinder and upper cross slide travel controlled by a cam 
bar through a roll (Fig. 164). 

The upper cross slide of this carriage is adjusted crosswise to suit 
the workpiece diameter. During carriage movement, the trip dogs 
close the corresponding limit switches to change over from rapid ap- 
proach to working feed, to engage slow feed and to stop the carriage 
in its upper position. Working travel is limited by a positive stop. 

During operation, the upper cross slide is held against the cam bar 
with heavy springs. Two bevelled bars are mounted on the rear side 
of the cam bar; one bevelled bar is shifted at the end of the cut, 
in reference to the other, by a trip dog mounted on the cam bar. This 
allows the upper cross slide to retract by spring action from the work. 
This tool relief device, similar to the one shown in Fig. 153, allows the 
carriage to return to its initial position with the tools withdrawn 
from the workpiece surface. 

The cross carriage (see Fig. 164) consists of a saddle in which a 
slide block, rigidly secured to the upper cross slide, travels. The 
slide block is actuated by a roll and a cam bar, linked to the piston 
rod of a hydraulic cylinder. The cross slide is controlled in the same 
way as the longitudinal slide. 

The boring carriage (see Fig. 164) consists of the housing in which 
a ram travels. The ram contains a hydraulic cylinder. The rod and 
piston are rigidly fastened to the housing. Oil is delivered to the upper 
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Fig. i€3. Gearing diagram of the semi-automatic lathe, model MP4H. 


or lower end of the cylinder through the hollow piston rod. As in 
the other carriages, a bar with trip dogs and limit switches provide 
for the preset cycle of movements including tool relief. 

Tapered holes are bored by setting the boring slide to the required 
angle and securing it to a plate which may be adjusted vertically. 
Tapered holes may be bored from the larger to the smaller diameters 
or in the opposite direction. 
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The hydraulic drive comprises four independent hydraulic systems — 
for the longitudinal and cross carriages, the boring slide and the work 
chucking device. Each hydraulic system is supplied from its own 
pump unit; the work loading mechanism is supplied from the low 
pressure pump section of the longitudinal carriage. 

The hydraulic systems of each carriage are controlled by solenoids 
actuating pilot valves. The solenoids are energised by limit switches 
which are actuated by trip dogs mounted on the carriages. 

The hydraulic system operates on the “metering-in” principle with 
the provision of a special metering channel to ensure constant oil 
flow, independent of the load, through the throttle valve. This main- 
tains a constant rate of feed. 
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Fig. 164.Slide travel and work clamping arrangement on the 
semi-automatic lathe, model MP4H (position , shown: “Work 
clamped” but slides are still in initial positions). 
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CHAPTER IV 


MULTIPLE-SPINDLE AUTOMATIC BAR AND CHUCKING 
MACHINES 


§ 97. MACITIINING SEQUENCE 


The machining methods employed on multiple-spindie lathes 
depend on their principle of operation and on the type of blank 
used. 

Werk is machined on multiple-spindle single position (parallel- 
action) automatics in the same way as on single-spindle automatic 
cutting-off machines (see Fig. 14). Each workpiece is completely ma- 
chined in a single position on these automatics. 

Multiple-spindle single-position vertical semi-automatics are usu- 
ally of the continuous type (see Fig. 24). The work is loaded and 
unloaded on each spindle while the other spindles are in operation. 

When using a multiple-position progressive-action bar or chucking 
machine, the work to be done is divided so that a part is done at each 
position. Each workpiece is machined progressively in station after 
station and then is removed (automatically or by hand) (see Fig. 20). 

The work may be indexed to the next station or position only after 
machining is finished at each position and the operative units, car- 
rying the cutting tools, have been withdrawn from the work. 

This condition stipulates the main rule for selecting the machin- 
ing sequence for multiple-position lathes, which is: the most ez- 
pedient machining method and sequence will be one in which the times 
required are the same and are a minimum value at each position. 

Since it is difficult to divide the work into operation elements re- 
quiring exactly equal machining times, there will always be one posi- 
tion requiring maximum time. This position determines the rate of 
production of a multiple-spindle progressive-action lathe. 

It is evident that in machining work in which one or several opera- 
tion elements are particularly long, it will be advisable, when pos- 
sible, to divide such elements between two or more positions. This 
may reduce the time required on the limiting position and, conse- 
quently, increase the rate of production. 

Most models of multiple-spindle horizontal automatics and semi- 
automatics have the same spindle speed for all the positions for a 
given setup. Therefore, the cutting speed must be selected for that 
operation element that limits an increase in spindle speed. 

Machining operations which require much higher or lower cutting 
speeds than the others (such as cutting thread, reaming, etc.) are 
usually performed with supplementary rotation of the attachment or 
auxiliary tool spindles. 

The same is true of the rate of feed of tools mounted on toolslides 
having a single feed value. In this case, independent-feed toolslides 
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are applied. Optimum cutting speeds and feeds may be obtained for 
each position on models in which each position has its independent 
setup speed and feed. 

This feature is inherent to multiple-spindle vertical chucking ma- 
chines. 

Multiple-position machining allows the positions, where only 
roughing is performed, to be separated from those for finishing. 

The finished workpiece is usually cut off in the last posilion on 
aulomatic bar machines of the progressive-action type. Stock feed 
and chucking take place at the same posilion. /n multiple-spindle 
progressive-action semi-automatics, the cycle time (or floor-to-flovr 
time) cannot be less than the time required for unloading the finished 
workpiece, loading and clamping a new blank, and engaging spindle 
rotation in the loading position. 

The second rule for planning the machining sequence of progressive- 
action lathes is that the layout must provide for the simplest and most 
reliable tooling, all other things being equal. ‘The use of complex tools, 
requiring prolonged seliing-up time and frequent adjustments, and 
the use of combination holders, which determine the final size of the 
work, may be justified only if simpler tools do not enable the work 
to be completely machined or if they lower the rate of produc- 
tion. 

On some of the newer models of Soviet multiple-spindle automatics 
and semi-automatics, certain workpieces may be completely machined 
using only a part of the available positions. Then the remaining 
positions may be used for producing another workpiece. Thus, 
comparatively simple work may be machined on multiple-spindle 
bar and chucking machines by the double-flow (or more precisely. 
double-indexing) method (see Fig. 20). 

Six- and eight-spindle automatic bar and chucking machines may 
operate on this principle. In this case of double-indexing, the spindle 
carrier indexes through twice as large an angle as in single indexing 
and each spindle stops only at every other position. I'wo sets of tool- 
ing are provided at adjacent stations and two workpieces are 
finished in each cycle instead of one. 

The manufacturing sequence is planned for double-indexing in the 
same manner as for single indexing. If two different workpieces are to 
be made simultaneously: 

1) the total machining time for two workpieces must be the same or 
very near the same; 

2) cutting speeds and feeds must not differ considerably; 

3) the heaviest machining operations must be performed by the 
most rigid toolslides. 

The cutting speeds and feeds for multiple-spindle bar and chucking 
machines are based on the operation performed, the workpiece materi- 
al, tool material, and the specified accuracy and surface finish. The 
tool life should be at least four hours. 
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The cutting,speeds and feeds used in multiple-spindle bar and chuck- 
ing machine operation have sharply increased with the application of 
cemented carbide-tipped tools. They should be selected in accordance 
wiih up-to-date handbook data (see also Tables 5 and 6 and § 52). 

A large number of cutting tools operate at the same time in any 
multiple-spindle setup. Consequently, efforts must be made: 1) to 
balance the cutting forces, 2) to overlap working and idle movements, 
3) to apply preset tooling, which enables settings to size to be made 
before installing the tools, 4) to use standard tools, 5) to use available 
cams and other tooling elements, so that new ones need not manu- 
factured. 


$ 93. FEATURES OF MULTIPLE-SPINDLE BAR MACHINE SETUPS 


The most widely used range of bar stock sizes on multiple- 
spindle automatics is from 16 to 60 mm. Pipe stock from 80 to 
125 mm in diameter and even larger is used 
as well. 

Typical work produced on bar-type auto- 
matics is illustrated in Fig. 165. 

External surfaces are turned from the 
side or end toolslides. Central holes are 
machined by tools from the end_ toolslide. 

Thread may be cut by tools mounted on 
the end toolslide (solid taps and dies, self- 
opening die heads and collapsing taps) or by 
others mounted on the side toolslides(thread- 
ing rolls, chasers, single-point threading 
tools, etc.). Power feed of the tool of the 
lirst group is used only to start the thread. 
Self-opening die heads are to be preferred 
for cutting external thread. 

The finished work is cut off by a tool in 
one of the side toolslides. 

Standard types of toolholders employed 
for multiple-spindle bar and chucking ma- 
chines are illustrated in Table 24. 

External surfaces are turned with form 
(ools from the side toolslides in the follow- 
1i@ Cases: 

1) when the length of the formed surface 
is not too large; 

2) when accurate lengths and diameters 
and a good surface finish are required; 


Fig. 165. Typical work 
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Holes are finished by one or two tools in accordance with the accu- 
racy specified. 

The drilling of deep accurate holes is to be divided between two or 
three positions with subsequent machining to the full depth with 
a core drill and reamer. 

Stepped holes are most efficiently machined by first drilling 
the larger diameter and then the next smaller diameters. Thus, 
the machining length is divided between several positions. 

Spot drilling is desirable before all drilling operations and especial- 
ly when comparatively deep holes of small diameter are drilled. Spot 
drilling is also used in cases of a heavy cross load since the large 
diameter spot drill serves as a supporting centre. In drilling large- 
diameter through holes, drill travel is increased somewhat so that 
the next workpiece is spot drilled at the end of the drill travel. 
Internal recesses are turned with supplementary cross movement of 
the tool. 

It is frequently necessary to face the front end of work on multiple- 
spindle bar automatics. Otherwise, due to rebound of the bar stock 
when it strikes the stop in feeding out, the workpiece length may vary 
from 0.5 to 1 mm. Facing should be performed before the cross- 
seclion (and rigidity) of the bar is reduced by any appreciable extent, 
i.e., in the first positions. If these positions cannot be so employed 
then a back rest should be applied. Facing and chamfering should 
be performed by tools in the side toolslides but the end toolslide 
may also be used for this purpose. 

Tooling layouts for a four-spindle automatic are shown in Figs. 
166 and 167. Forming (Fig. 166) is divided between two tools mounted 
in adjacent positions. This reduces the machining time and im- 
proves the surface finish. 

Long external surfaces are turned by tools on the end toolslide. 
This turning is also divided between tools in different positions. 
Finishing is performed by a single end-working or forming tool. 
Roller back rests are used for turning accurate surfaces or when 
the bar extends a long distance from the chuck. 

A shaving toolholder (see Table 24) is applied to obtain high pre- 
cision surfaces. It is a floating finish form tool with a roll support. 
In operation, the roll and tool, having a set distance between them, 
move together and pass over the work which comes between them. 
This tool is capable of holding the work diameter within 0.02 or 
0.03 mm. 

Division of forming between two tools is illustrated in Fig. 167. 
The work is turned by end-working tools in the Ist and 2nd positions 
to facilitate the operation of the form tool in the 3rd position. 

It is not expedient to use form tools in the Ist position for square or 
hexagon bar stock since the tool life will be reduced considerably by 
the impact load. It is advisable to rough the bar first with an end- 
working tool in such cases. 
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fig. 166. Tooling layout for a special nut Fig. 167. Tooling layout for a 
on a four-spindle progressive-action auto- roll on a four-spindle auto- 
matic bar machine. , matic bar machine. 


Sometimes long work is produced on mulliple-spindle automalics. 
In this case roll turners are used and the work is supported by a back 
rest during forming operations. 

An example of a tooling layout for a long workpiece is given in 
lig. 168. To reduce the overhang to the work, the front end is formed 
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in the 4th position, before feeding out the bar stock. The work is cut 
olf in the 3rd position. A disadvantage of this method is that the steps 
turned before bar feed may not run true with those turned afterward, 
due to inaccuracy in chucking the stock. 

Form surfaces may also be turned to a template. In this case, the 
tool is mounted in a special attachment on the end toolslide and the 
template is in one of the side toolslides. Duplicating is also possible 


Fig. 168. Tooling layout for along shaft ona 
four-spindle automatic bar machine. 


with a special attachment mounted on a side toolslide which is trav- 
ersed by the end toolslide to a template. For comparison, the tool- 
ing layout of the same workpiece machined on an ordinary and on 
a tracer-type automatic is shown in Fig. 169 a and 169 8, respec- 
tively. 

Fig. 170 is a tooling layout for a six-spindle automatic and Fig. 174 
compares the tooling layouts, designed for the same workpiece, on 
four- and six-spindle bar automatics. 

More complex tools are required to complete the workpiece in four 
positions. Besides this, the tapered hole cannot be machined with the 
same accuracy and surface finish as on a six-spindle machine, due to 
larger number of available tooling positions.If taper reaming in one the 
position is sufficient, in the second case, then drilling may be divided 
into four positions to increase the rate of production. 
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Teoling layout for a handle on the Tooling layout for a handle onthe 
model 1240-6 automatic model 12K.40-6 automatic 


F ig. 169. Tooling layouts for a machine handle on an ordinary (a) and a tracer- 
type (b) six-spindle automatic. 
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F ig. 172. Tooling layout on a vertical eight-spindle progressive-action 
semi-automatic lathe. 


§ 99. FEATURES OF MULTIPLE-SPINDLE CHUCKING MACHINE 
SETUPS 


Separate blanks (forgings and castings) may be machined on multi- 
ple-spindle automatics equipped with magazine-feed divices (see Fig. 
81 d) or multiple-spindle chucking machines (semi-automatics) with 
manual loading and unloading. 

Two following types of blanks are machined on magazine-feed 
automatics: 

i) work previously machined in an automatic lathe (so-called “sec- 
ond operation” work); 

2) blanks, such as precise forgings or die castings. 

The machining sequence for magazine-feed automatics is almost the 
same as for bar-type automatics. As mentioned above, the processing 
capacity of magazine-feed automatics is somewhat less than of the 
bar type but it is usually sufficient since the blank has a form nearer 
to the finished workpiece. 

Workpieces that cannot be machined on magazine-feed automatics 
are machined on multiple-spindle semi-automatics. 

The machining sequence differs considerably for the different types 
and designs of multiple-spindle semi-automatic lathes. 

The following factors are of importance in machining separate 
blanks: 

1) the form of the blank is usually near to the form of the finished 
workpiece and, therefore, less stock is removed than when the work is 
turned from a bar; 

2) separate blanks are usually machined in two settings since the 
surface used for clamping in the first setting is subsequently machined; 

3) separate blanks are usually for large size work and, therefore, 
larger torques appear than for bar stock. 

Multiple-spindle vertical semi-automatic lathes have a considerab- 
ly larger processing capacity due to their three types of tool heads 
including the combination type. They can machine work of larger 
diameter and more complex form than horizontal semi-automatics. 
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Fig. 173. Turning setup for bearing rings on a two-sided ONL -spindle automatic 
lathe, model CHB-6. 
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The machining methods employed are the same for horizontal and 
vertical inultiple-spindle semi-automatics (Fig. 172). Both sides of 
bearings are machined on the two-sided eight-spindle chucking 
automatics, model Clib-6 (Fig. 178). 


§ 100. FOUR- AND SIX-SPINDLE BAR 
AND CHUCKING AUTOMATICS AND SEMI-AUTOMATICS 


Brief specifications of these machines are presented in Tables 25 
and 26. Though various models of these automatics and semi-automat- 
ics are manufactured in different plants, there is much in common 
hetween their drives, gear trains, general arrangement, and construc- 
tion. Setting-up methods are practically the same for all of these mod- 
els. Multiple-spindle automatic and semi-automatic lathes are high- 
production machine tools and are designed for large-lot and mass 
production shops. 


§ 101. NEW MULTIPLE-SPINDLE AUTOMATICS 
AND SEMI-AUTOMATICS 


The six-spindle automatic bar machine, mode] 1A225, is the basic 
model of a size range in which the maximum har capacity is 32 mm. As 
a rule, four-spindle automatics of a unified range have a larger, and 


Fig. 174. The 1240 size range of multiple-spindle automatic bar and chucking 
machines. 


a—six-spidle automatic bar machine, model 1240-6, b—six-spindle semi-automatic’°chuck ing 
machine, model 1240-6II, c—four-spindle automatic bar machine, mode! 1240-4, and d—four- 
spindle straight (parallel-action) automatic bar machine, model 1240-0. 
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Table 26 
Brief Specifications of Multiple-Spindle Semi-Automatic Chucking Machines 


Model 
Item Unit oe 
1240-61] 1265-II 1290-11 
Maximum diameter of chuck 
accommodated ....... mm 150 250 300 
Maximum diameter machined | mm 120 200 290 
Maximum length machined mm 120 175 200 
Number of work spindles — 6 4 6 
vier of side slides... — 5) 4 4 
Independent-feed tool spindles 
may be installed in positions oth and 6th any any 
Iligh-speed drilling attachment 
may be installed in positions any any any 
Threading attachment may be 
installed in positions . . . 5th and Gth| 3rd and 4th| 3rd and 4th 


Range of work spindle speeds rpm | 86 to 1,172| 58 to 732 | 41 to 507 
Range of work spindle revolu- 


tions to make one piece rev | 119to1,317 — 14 to 1,356 
Time for idle motion of cam- 

SWAG, a: oa be SS BOS sec 2.37 3.5 o 
Main drive motor power ... | kw 14 to 20 20 to 28 28 to 40 
Inching drive motor power kw 1.7 1.7 2.8 
Overall dimensions: 

Floor space occupied . . . . | mm [3,200 1,540/3,400X 1 ,720)3,900 x 1,955 

Wel eht-c4 ee ac ae cc we ee ea mm 1,960 2,100 2,100 
Approximate net weight ... | kg 9,000 12,500 16,000 


eight-spindle models, a smaller bar capacity than the basic six-spin- 
dle machine. 

The type 1240 size range (Fig. 174) has been extensively developed. 
It includes four- and six-spindle automatics and a six-spindle semi- 
automatic. Models 1240-0, 1240-4, and 1240-6 are automatics with a 
bar capacity of 40 mm. These are high-speed machine tools that effec- 
{ively employ cemented carbide-tipped tools. Motors up to 20 kw 
may be installed in their main drives. 

These new models have the following advantageous features in 
comparison with earlier models: 

1) considerable reduction in setting-up time due to the application 
of constant toolslide and tool spindle cams, as well as to the provision 
of a cycle indicator and a special electric motor for turning over 
(inching) the camshaft in setting up; 

2) more convenience in setting up tool spindles (as differing from 
previous models, this may be done without disassembling the drive); 

3) more ease in setting up due to the micrometric screws in the side 
toolslide toolholders; 


IDS 


4) simpler handling since the automatic may be restocked cither 
behind or in front of the stock reel; 

0) improved chip disposal facilities; an important feature for high- 
speed machining; 

6) more safety features including protection against the rotating 
bar stock, impossibility of starting the main drive motor during re- 
stocking or when setting speeds or feeds, and the impossibility of ac- 
cidental engagement of high-speed camshaft rotation. 


§ 102. SIX-SPINDLE AUTOMATIC BAR MACHINE, MODEL 1240-6 


General Arrangement. This automatic is of frame-type construc- 
tion (Fig. 175) in which the top brace connects the headstock and 
gearbox mounted at the right and left sides of the heavy base. 

The base also serves as a reservoir for culting fluid and lubrication 
oil. The chip conveyer is located in the central opening of the base. 
The gearbox is mounted on the right-hand side of the base. ‘The head- 
stock and rear support, two housings, are mounted, one after the 
other, at the left. 

The headstock has a central bore for the spindle carrier wilh the 
work spindles. The headstock also carries the carrier locking mecha- 
nism and levers and tie-rods for actuating the side toolslides. 
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Fig. 175. Six-spindle automatic bar machine, model 1240-5. 
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Four bronze shoes on the rear wall of the headstock prevent axial 
movement of the carrier. 

The rear support housing contains the stock feeding and chucking 
mechanism, as well as the carrier lifting and indexing arrangements. 

The stock reel with the stock tubes is located at the left beyond tlic 
rear support. The top brace, on top of the headstock and gearbox, 
makes up the rigid box-type frame. The top brace houses the camshalt, 
running in ball bearings and carrying drums and discs on which cams 
are fastened. 

Six slot-type side toolslides are provided on the six-spindle model 
and four on the four-spindle automatic. The side toolslides travel in 
ways attached to the front end wall of the headstock. 

The end toolslide is of the central type. It travels on a stem press- 
fitted in the carrier. The end toolslide is held against rotation by a 
guide arm which travels on ways under the top brace. 

The flat surfaces of the end toolslide have dovetail slots for 
clamping rigid toolholders guiding independent-feed toolholders. 

The gear trains of the automatic are based on the centralised drive 
principle (Fig. 176); only the inching rotation of the camshaft for 
setting up and the chip conveyer are driven from separate motors. 

The work spindles are driven from the main drive motor through 
V-belts, change gears, sliding gears, constant gearing (40T. : 407.), 
the central gear and the spindle gears. 

The setting up formula for work spindle speeds is: 

A ; 
Ne= Mg X Fp Xty XC rpm 
A 
“B 
i, is the gearing ratio of the sliding double cluster gear 
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ee ee oe oo \ . 
L., irc 67 QELG ly, MALS A ag 9 


C is the gearing ratio of all constant gearing in the main 
drive train. 
The following formulas are used in selecting the spindle speed 
change gears: 


in which — is the gearing ratio of the change gears; 


ee eee 
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The drive for the high-speed drilling attachment spindles (Fig. 
177) is taken off the central shaft. These spindles rotate in a direction 
opposite to work spindle rotation. The speed of the drilling attach- 
ment spindles will be: 

Nigel zai rpm 
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Fig. 177. Tool spindle drive for the model 1240-6 automatic. 


a—for cuiting thread witha solid tap or die, b and d—for,high-speed drilling, c—for cutting 
hk. H. thread with a self-opening die head and for reaming. 


in which Z,,is the number of teeth on the gear mounted on the 
attachment spindle. 

This formula can be rearranged to select the gear on the attachment 
spindle: 
Is 


Lina -= 32.57 —* teeth. 
lng 


Since the drilling altachment and work spindles rotate in opposite 
directions, drilling will be performed at a cutting speed depending on 
the relative speed of the attachment spindle: 


Und—ret (7, ae Nna) rpm. 


Example: Sct up the gear train of the high-speed drilling attachment 
drive on the model 1240-6 automatic to drill a hole with a drill dy=8 mm 
at a cutting sqeed of 31.4 m per min. The spindle speed n,==500 rpm. 

First, the relative speed is determined for which the 8 mm drill wil 
have a culting speed of 34.4 m per min: 


_1,000v 1,000 31.4, 
ae Be 


The speed of the drilling attachment spindle is determined by the 
formula: 


Nhd—rel = Ns-+Npd, 
then 1,250=500+nyqg; nyg=1,250—500=750 rpm. 
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Therefore: Zig 0 57 = 50.572 = 22 teeth. 

Nhd 700 

However, the gears available on the automatic have Z,,—=24, 32, and 

49 tecth and therefore the nearest gcar to the computed value is sclected: 
Zna=24 tecth. The actual specd of the attachment spindle will then be: 


ne ee 32.5752 = 679 rpm. 
This will give an actual relative spced of: 
Ma — rel = 000+679=1,179 rpm 
and an actual cutting speed of: 


© 4,000 1,000 


Consequently, the drilling will be performed with a cutting spced of 
v?--29.6 m per min instead of v=31.4 m per min given in the example. 


= 29,6 m per min. 


Thread may be cut either with a self-opening die head (Fig. 177 c) 
or with a solid tool (tap or die) by the overrunning method 
(Fig. 177 a). 

In cutting thread with a self-opening die head, rotation is also ob- 
tained from the central shaft. 

The threading attachment spindle rotates in the same direction as 
the work spindle. The attachment is set up on the basis of the given 
threading speed v,,, the work spindle speed n,, the threading spindle 
speed n,,, and the relative speeds of the work and threading spindles: 


Nin—ret = Ns—Ny, TPM, 

1, 0004, : 

:———4 rpm 
Mi npoad 

When thread is cut by the overrunning method (with a solid tap or 
dic), provision must be made for advancing the tool at the threading 
spindle speedn,, and for backing the tool off or out at the speed n,,. 
Threading spindle speeds are changed automatically by the shifting 
of a clutch. The setting-up formulas are the same as for threading 
with a self-opening die head. 

All working and idle movements are obtained from the central 
camshaft. The camshaft rotates at a slow working speed set up by 
change gears and at a constant high speed, independent of the setup, 
for idle motions. Slow working rotation of the camshaft is obtained 
from the central shaft and is set up by the following formula: 

a Ey PE ae a Dy 
360 “1 “437° 3 C25." 38-8 
in which a, is the angle of camshaft rotation required for the longest 
operation element; 
n, is the number of spindle revolutions required for the long- 
est operation element. 
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Fig. 178. Cam drum layout for the model 1240-6 automatic. 
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The following formu'a serves to compute the change gears for 
slow camshaft specd: 

Cc 

'D 


eat. oe. My 42, 48, 22, 25 49 
= Th in which C= 30 X7X@Xx 3X aX 38° 


High-speed rotation of the camshaft is obtained from the first 
drive shaft through the overrunning clutch in the smaller worm 


wheel: 
Peg OO ea eain 
= igs S19 804g 4d 
The idle time (time for high-speed camshaft rotation) is determined 


by the formula: 


Nes ths) 


60 360 — dw 9 4 bs 
Nes ths) 360 


A band brake on the vertical drive shaft prevents an impact at the 
moment high-speed camshaft rotation is engaged. . . 
The general formula, fur setting up the feeds of all toolslides, is: 


ae 
S=1,_.,X aD tan Bi,, mm/rev 


in which i,_.,= exe xox EXE and is the gearing Tra~ 
tio of the train from the work spindles to the camshaft; 
Dis the cam drum diameter in mm; 
B is the helix angle of the cam rise; 
i., is the ratio of the lever system from the camshaft to 
the toolslide. 

The camshaft is rotated for setting up from a separate motor with 
an “inching” push button. The camshaft rotates only while the but- 
ton is held down. 

The coolant and lubricating pumps are driven through a chain from 
the first shaft of the gearbox. The screw-type chip conveyer is powered 


from a separate motor through transmission with a total gearing ratio 
1 


200 ° 

Two compartments with change gears for setting the required work 
spindle and camshaft speeds are arranged on the front face of the gear- 
box. The ends of the power drive tool spindles are also arranged here. 

Built-in push button stations for controlling all the motors on the 
automatic and a lever controlling the camshaft drive are duplicated on 
both the front and rear walls of the gearbox. 

The gearing diagrams for the other models in the size range of mul- 
tiple-spindle automatics differ very little from those of the six-spindle 
model presented in Fig. 176. 

The cyclogram of automatic lathe operation (see Fig. 69) is based on 
the principle of performing all working travel during the time the 
camshaft rotates through 130° or 140°. All idle motions take up 230° 


ea 
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or 220° of high-speed camshaft rotation. A small angle (3° to 4.5°) 
of slow (working) rotation of the camshaft is reserved for disengaging 
the rapid traverse clutch. 

Construction Features. A hollow stem, press-{itted into the spindle 
carrier (Fig. 180), contains the shaft driven from the gearbox and 
transmitting rotation to the work spindles. 

The spindles in the carrier run in two supports. The front support 
comprises a double-row roller bearing with a tapered bore, while the 
rear support consists of angular contact bal! bearings. The front and 
rear bearings are adjusted by nuts. The rei'er-type chucking sleeves 
are mounted in the left end of the spindIcs. 


Plate cams 
carrier lifting Carrier side toolslides Stock stop 
and clumping locking 


Fig. 179, Plate cam layout on the drums of the model 1240-6 automatic. 


The hollow work spindle contains the collet tube with the spring 
collet on one end and an adjusting nut on the other, as well as the 
stock feeding or pusher tube with the pusher. A collar, with a bearing 
by which the stock feeding mechanism engages the pusher tube, is 
mounted on the left end. A guide bushing for supporting the bar stock 
is inserted in the pusher tube collar. 

Before indexing, the spindle carrier is automatically lifted slightly 
(0.3 or 0.4 mm) above its locating surfaces by means of the lever 
mechanism shown in Fig. 181. Carrier lift is checked by an indicator 
with a hand. The carrier is indexed by a Geneva wheel operated from 
an indexing arm on the camshaft. 

Segment gears, controlling the positive stops of the side slides, 
are attached to the carrier. 

The spindle carrier is locked (Fig. 181 a) by two locking levers Z 
and 9. Lever J serves as a positive stop in locking seat 4 and locates 
the carrier. The second lever 9 bears against another locking seat and 
forces the carriage to seat against lever J. 

In the operation of the locking mechanism, after indexing the 
carrier, cam 5 on the camshaft actuates lever 6, which swivels lever 10 
through tie-rod 7 and spring §. Through shaft 7Z, lever 70 swivels 
lever 12 on which lever § and tie-rod 3 are pivoted. Upon rotation of 
lever 72, tie-rod 3, through spring 2, swivels lever 7 into the locking 
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seat of the carrier. Further rotation of lever 72 will swivel lever 9 
into another locking seat. The force of the locking spring 8 is multi- 
plied several-fold due to the knuckle action in the link between levers 
9 and 12. When tie-rod 7 is raised, the spindle carrier is unclamped. 
The carrier has an additional clamping device (Fig. 181 c) acting on 
the rear locating band. It consists of a lever mounted on a pivot 
which has been press-fitted into the headstock. A cam on the camshaft 
actuates the fork roll through a spring. This swivels the clamping 
lever. An eccentric journal on the lever clamps the carrier down on 
its lower precisely bored locating surfaces. 


Fig. 181. Diagrams: b—carrier locking, c—carrier lifting and clamping, 
d—stlock stop operation. 


Four shoes retain the carrier axially. 

All units of the automatic are actuated by cams on the camshaft. 
Stock is fed by a cam mounted on a cam drum. The cam swivels the 
lever, through a roll, and a tie-rod, on the other end of the icver, 
moves the head. This head has a slot into which the collar, on the end 
of the pusher tube, enters (Fig. 182). 

After the bar is chucked by the collet (see Fig. 180), the spindle 
carrier isindexed and the next feed tube collar enters the head slot. 
During the working part of the cycle, the head pulls the pusher tube 
back to its initial position. 

The length of stock feed is adjusted by means of the nuts on the 
tie-rod. The length of stock feed will be 200 a, in which a is the dis- 
tance between the pin and nuts. 

The design of the end toolslide is clear from Fig. 183 a. Rapid ap- 
proach of this toolslide may be either 120 or 75 mm, while working 
feed may be adjusted in a range from 20 to 80 mm. 
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Rapid approach of the end toolslide is effected by the advance of 
the carriage with the fecd lever held stationary. The carriage (Fig. 
183 6) is traversed by a cam acting through a roll. At the end of its 
movement, the carriage runs against a stop screw. A gear rotating on 
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Fig. 182. Stock feeding m 
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echanism of the model 1240-6 automatic. 


a pin travels together with the carriage. This gear meshes simultane- 
ously with the rack of the tie-rod and the rack of the end toolslide. 


Since the rack, linked through a tie-rod to the feed lever is station- 
ary, (he end toolslide rack and the toolslide itself will travel a dis- 


tance twice that of the carriage. 


346 


“UOL UIE SUOI— D 
“OTPEUOJNL 9-OYZ} [BpOW oq} Jo Opl[s[oo} puy “eg *F14 
1/05 yoy L103 LDI9 @ 
: arene eae? aan IBD 1LLD9 


w=! 


‘iyo ——— verrty 
wet: Fi ppto ee ha 
= y a ee uyee Ed 
= us 
8 
as Sa 1 es 


~ 04S Ypim 
GOJS anlp1SO eae Jptjsjooj puz 


ANA 
Saas 6 oe 


AABBWaABaea’ Weaeaaeaae ad... 


Vy WU 9 JaADL} 2 
EPO fy iysom winuncoy | | LLLLLLLLAL i 


oF, £ ne nie | 


ee ee ee a he IN | 


ices Pare as lta Se ! 
Hee ot 


oe NNR 


SS kee el Same 
ee A a = 7 


on I feces ery 
; = pa ip pp omy —— oe: , 2 = Eon 
ZL WYER ZL 


© e 
1 rae = 
' 
| | aes Ce 
——- ice 0 epee —_—-— en gs dls (eye ee ae Rn 


At the end of rapid approach, the carriage stops and is heid station- 
ary by the stop screw and a cam on the camshaft. Immediately after 
this, another cam actuates the feed lever which is linked to ils rack 
through the tie-rod. This rack moves the end toolslide rack and the 
toolslide by means of the gear in the carriage. End toolslide travel 
depends on the position of the tie-rod attached to the feed lever. 
This length of working feed is indicated on a scale of the lever. Rapid 
withdrawal is engaged at the end of working feed. In this case, both 
the carriage and lever return to their initial positions at the same time. 
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Fig. 183b. Toolslide feed drive. 


Holders for the independent-feed tool spindles are used when the 
feed of any cutting tool must differ from that of the end toolslide 2 
travelling on the stem 7 (Fig. 183 c). 

Holder 2 with a tool spindle has movement controlled by a lever 
system from constant work and return cams fastened on a drum (see 
Fig. 179). The roll of sector 4 (Fig. 183 c) is in constant contact with 
the profile of the work cam. The sector swivels on a stationary pin 
and swings lever 6 through adjustable tie-rod 5. Lever 6 swivels ona 
pivot which is linked through adjustable tie-rod 7 with the gearbox 3. 
The roll of the moving bar constantly contacts its work cam on the 
camshaft drum. 

The side toolslides (Fig. 184) accommodate interchangeable tool- 
holders which are inserted in the slot of the toolslide. The toolholder 
1s Clamped underneath by a taper gib and at the side by a strap clamp 
with nuts. The toolholder is adjusted longitudinally in the toolslide 
by means of a taper gib and crosswise by a stop with a micrometric 
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Fig. 183c. Arrangement and drive of the tool spindles. 


Fig. 184. Side toolslides of the model 1240-6 automatic. 


a—arrangement, b and c—toolslide feed drive. 


screw. Both taper gibs and the stop are adjusted from the front end 
of the toolslide. 

Toolslide movement in a range from 0 to 22 mm is accomplished 
by a lever system actuated by a plate cam (see Fig. 179). 

The adjustable levers for side toolslide travel, enclosed by a hinged 
guard, enable the required working travel to be set up. Travel is set 
up by means of an adjustable tie-rod secured to the feed lever. Two 
scales indicate the set-up travel of each slide. 

Brackets with six adjustment screws of the positive stops are mount- 
ed on the end face of all side toolslides (except for the cut-off tool- 
slide in the 6th position). Each screw limits the travel of the slide 
when the spindle carrier is in one of its six positions. 

In thread cutting, the thread is started by a rapid approach cam on 
forward travel of the toolholder on the end toolslide. 

The cutting tools are cooled by oil delivered from the reservoir in 
the base by a gear pump. The pump is located inside the base and 
is driven by roller chain from the gearbox drive shait. 

Lubricant feed is effected by a vane pump mounted directly above 
the lubricant reservoir. This pump is driven from the same shaft as 
the coolant oil pump. 

A pressure relay, provided in the machine, automatically switches 
off the main drive motor if the lubricating pump is not delivering oil. 

Setting up. Amultiple-spindle automatic should be set up to manu- 
facture a certain workpiece after designing the tooling layout and 
planning the operation sheet in accordance with the rules for planning 
a manufacturing process of such machines, given in § 62. 

The tooling layout fora pipe connection is illustrated in Tig. 171 
while Table 27 is the operation sheet for this workpiece as made from 
hexagon bar stock of steel 35 on the six-spindle automatic bar ma- 
chine, model 1240-6. 

As the sketch indicates, the external diameters and the tapered hole 
are to have a surface finish of y 4. A finish of vy 3 is specified for 
the remaining surfaces. 

The pipe connection must be completely machined and cul off 
in six positions. The end of the bar is spot drilled (in the 
1st position) before drilling; the front end of the bar is also faced in 
this position. Due to the large depth of the hole, it is drilled in two 
positions (2nd and 3rd) so that neither limits the rate of production. 
Drilling in the 2nd position may be combined with turning up to the 
hexagon. Drilling in the 3rd position may be combined with turning 
behind the hexagon from aside toolslide. In the 4th position a rough- 
ing taper reamer roughs the taper from the end toolslide and a wide 
form tool in the side toolslide finishes the external surfaces. The 
taper is finish reamed in the 5th position and the finished work is cut 
off in the 6th. 

Besides cutting off, the stock is fed out and chucked in the 6th 
position. 
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The next step is to make all the calculations which are set down in 
the operation sheet. The most difficult operation element is forming 
and a cutting speed of 35 m per min is selected for this work. Then the 


ae w328 rpm. The next lower 


speed available on this automatic and listed in the service manu- 
al will be n, = 316 rpm which corresponds to a cutting speed v = 
= 03.7 m per min. 

This spindle speed may be obtained by installing change gears 
A = 35 and B = 389 teeth. 

Then, from the length to be machined, the actual travel of the 
toolslides is determined, as well as the rate of feed. 

The number of spindle revolutions is determined for the lcngest 
operation element: 


work spindle speed will be: n, 


l 26 
n= 


: 9200 revolutions. 


This operation element must be performed in 135.5° of camshaft 
rotation, i. e., in 60 X a Sec. Besides this, 4.0° of camshaft rocation 
is required to engage the high-speed clutch. 

Therefore, slow or working speed rotation of the cams will take 
up 135.5°+4.5°=140° of camshaft rotation and the time required 
for the longest operation element will increase in the proportion 

140° 


135.5° OF 


220, 140 
ty = OO eX igs 548 sec. 

A machining time of 43.5 sec (the nearest larger value) is selected 
from the service manual and the corresponding change gears, C=33 
and D=49 teeth, are installed. 

The cycle time will therefore be: 


L =tytt; =43.512.1=45.6 sec. 


The gross production will be: 


Q, =. 60% 60 __ 3,600 
aT, 45.6 


~79 pes per hr 


and the actual production (minus losses) will be: 
Qa = Ogn= 79 x 0.8 = 63 pes per hr. 


The actual setting up consists in installing the change gears A,B, 
C, and D to obtain the required spindle and camshaft speeds. 

The change gears should slip on their shafts with little effort. Never 
use steel hammers to drive on the change gears. 

Cams are installed as shown in Figs. 178 and 179. Then the lever 
systems are adjusted to the required toolslide travel values. 
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Before changing the cams, in changing over for a new setup, it is 
necessary to check whether any cams of the preceding setup may be 
used; if so, setting-up time may be correspondingly reduced. 

The positions of the cams for engaging high speed camshaft rota- 
tion and for applying the brake at the end of high-speed rotalion are 
checked next (a constant-action brake is used in certain models and 
it requires no engagement). The brake must be in proper adjustment. 
This may be checked by rotating the camshaft manually. 

Collets and pushers and their tubes are changed if, in the new 
setup, the form or size of the bar stock is to be changed. For this pur- 
pose, it will be necessary to remove the nuts at the ends of the spin- 
dles, to remove the tubes from the spindles (see Fig. 180), and to 
carefully unscrew the collets and pushers from the tubes with a spe- 
cial wrench. Never unscrew collets or pushers by inserting wire or a 
screw driver into their slits. After screwing on the new collets, the 
tubes are inserted into the spindles and nuts are put on the rear ends. 
Then the stock feed tubes are installed. 

The amount of stock feed is adjusted by turning the nuts on the 
threaded tie-rod and by changing the arm length of the feeding lever. 
The nuts change that part of tic-rod movement that does not cause 
feeding fork movement. Changing the lever arm length will change 
the tie-rod movement. 

Bar stock feed is effected by constant cams on the camshaft drum 
which need not be changed or adjusted for a new setup. 

The stock chucking mechanism is adjusted by means of the hand 
chucking lever (see Fig. 175). A projection of this lever enters a slot 
in the chucking fork. Hand chucking checks whether the collet is 
overstrained in chucking. 

The operator should always be careful not to injure his hands by 
getting them between the hand chucking lever and the headstock. 

The stock stop is set to the centre of the bar and to the proper length 
of stock feed. This is done by securing the bracket in the correspond- 
ing hole. Fine adjustment is made with the screw of the stop which 
is afterwards locked with a nut. If the front end of the bar is to be 
faced, the distance from the stop to the right-hand side of the cutting 
olf tool should be from 0.5 to 1 mm longer than the workpiece length. 

The cutting tools are installed and adjusted in the following 
manner: 

The tools are clamped in their holders and installed in the side tool- 
slides and on the end toolslide. The tools are set to the size of the fin- 
ished workpiece with the slides in positions where their cam rolls 
are on the high points of the cams. The more accurate dimensions 
of the work are obtained by positive stops. These stops are also adjust- 
ed with the rolls on the high points of their cams. The proper ten- 
sion, after the stop screw contacts the stop button, is obtained by 
giving the stop screw an extra half or whole turn. The stop screw is 
locked after adjustments are made. 
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Straight turning tools on the end toolslide are set by screws. 

The travel of independent feed tool spindles is varied by changing 
the arm lengths of their driving levers. hese spindles may also oper- 
ale to positive stops which are installed on the slide blocks. 

The setting of the cutting tools is checked by making a test work- 
piece. 

Threading is usually performed in the 4th and 5th positions. 
If solid taps or dies are employed, change gears must be installed 
both for advancing and backing out the threading spindle. After 
this, the tool is set in reference to the work in the ordinary 
manner. 

If the thread is to be cut by a self-opening die head, the latter must 
be adjusted to size and then installed on the automatic. The feed cam 
is to be replaced by a threading cam. A special stop is provided to 
open the die head at the proper time. The tensioning spring of the 
threading attachment must be adjusted so that it exerts a sufficient 
force to start the thread when the lool reaches the work. 

Cutting tools, positive stops, and stock feeding and chucking 
mechanisms are adjusted with the automatic switched over to set- 
ting-up operation, i. e., using the inching push button and the 
setting-up drive motor (in earlier models, manual rotation of the 
camshaft was required). After adjusting all the units and setting 
all the tools, work spindle rotation is switched on and the cycle is 
run through manually (or by inching). Checking the dimensions of 
the workpiece at each position will reveal the tools that require 
further adjustment before starting regular automatic operation. 

The operator of earlier models of multiple-spindle automatics 
must always remember to remove the crankshaft rotation hand- 
wheel and all other levers used only for setting up before engaging 
the automatic cycle. 


§ 103. FOUR-SPINDLE AUTOMATIC BAR MACHINE, MODEL 1240-4 


Four-spindle automatics dilfer from six-spindle models in the 
same size range only in that they have four work spindles and 
are designed for machining simpler work than the six-spindle 
models. 

This chief difference between models 1240-4 and 1240-6 requires 
certain changes in laying out work on these automatics. As in the 
six-spindle automatic, stock feeding and chucking take place in 
one position which may also be used for cutting off the preceding 
finished workpiece. Therefore, only three positions remain for all 
of the external and internal machining (instead of five in six-spindle 
automatics) and the operation elements must be divided between 
these three positions so that the machining time is as nearly equal 
as possible in each position. 
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Fig. 185. Four-spindle straight automatic bar machine, model 1240-0. 


On four-spindle automatics, externa! surfaces are usually turned 
by one or two form tools, another position is used for cutting various 
grooves and the forth position, as mentioned above, is for cutting 
off. 

Holes are drilled with one or two drills and then they are reamed 
or tapped. 


§ 104. FOUR-SPINDLE STRAIGHT AUTOMATIC BAR MACHINE, 
MODEL 1240-0 


These automatics (Fig. 185) are designed for machining compara- 
tively simple work of bar stock up to 40 mm in diameter. 

The gear trains of the model 1240-0 automatic (Fig. 186) differ 
from those of models 1240-6 and 1240-4. Model 1240-0 has a head- 
stock but no gearbox and is simpler in operalion and maintenance. 
The top brace houses a camshaft which controls all movements of 
the units. 

The work spindles are arranged in a vertical line, one above the 
other, while the main drive shaft is at one side. Each pair of spin- 
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dles is driven by a single gear so that all spindles rotate in the same 
direction. 

The design of the spindles and their supports is the same as in 
model 1240-6. Stock is fed by an air-operated device to the stock 
stops. The bar is chucked by collet and tube movement to the right. 
The same type of work may be machined as on single-spindle auto- 
matic cutting-off machines (see Figs. 96 and 97). 
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Fig. 187. Isometric diagram of the model 1240-0 automatic. 


Two cross-feeding side toolslides are provided, one on each side 
of the line of work spindles. Each toolslide serves all four spindles. 
One toolslide performs forming operations while the other cuts off 
the finished workpieces. An isometric diagram of this automatic is 
shown in Fig. 187. Four identical workpieces are machined at the 
same time and therefore four pieces.will be made in each cycle. 

The cycle indicator enables the completion of each element of 
the cycle to be checked. 

A tooling layout and operation sheet for the four-spindle straight 
automatic bar machine, model 1240-0, is given in Table 28. 
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Table 2&8 


Tooling Layout and Operation Sheet for the 4-Spindle 
Straight Automatic Bar Machine, Model 1240-0 


= 

(| = 

Ist 2nd 3rd, [NLT cutting fluid S 
and 4th spindle | l ae an bp th 


NEUCTIGI Je ee eee. Sonat sgh de et me ee eo Steel 15X 

Cross-section and size... . . . » Round bar 
28.7-0.14 mm 

Work spindle speed ns rpm. 2 ee ee 347 

Cutting speed v, m per min... .... OLsc 

Speed change gears 4’pg 6 6 6 6 ee ee. 32:49 

Kear toolslide travel L,mm ...... . 2 

Rear toolslide feed s, mm per rev .... 0.017 

Front toolslide travel des WAV ce 2 Ve ESAS a G 16 

Front toolslide feed s, mm per rev... . 0.061 

Feed change guts Gin. Sie Be ae aE ee 28:59 

Cyclo time 7, SCG. Fw @ 64 ke eww 4 AQ 

Time per picee, Ss ie S-iGd, wots. ee Sake Be 12.25 


§ 105. SIX-SPINDLE SEMI-AUTOMATIC CHUCKING MACHINE, 
MODEL 1240-611 


The model 1240-611 semi-automatic is designed for machining 
separate blanks up to 80 mm in diameter or even up to 120 mm for 
finishing operations. 

The only alterations made in this model, in comparison with 
the above-described bar-type machine, model 1240-6, are those 
necessary for accommodating larger workpieces held in a jawchuck. 
The main drive and camshaft drive gear trains were subject to no 
change whatsoever. 
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Since the sixth position serves for loading, rotation of cach spin- 
dle is automatically disengaged in this position (Fig. 188) by a hy- 
draulically-controlled clutch. The work is loaded and unloaded by 
hand and clamped by hydraulic action (Fig. 189). 

The clutch, which disengages and re-engages each spindle in the 
loading position, operates from a cam on the camshaft. Through 
a lever system, this cam shifts a control valve piston to allow oil 
to enter either the right or left end of a hydraulic cylinder. The pis- 
ton rod of this cylinder engages or disengages the spindle drive clutch. 
The clutch may also be manually operated from a lever. 

The hydraulic system is designed so that the spindle drive clutch 
may be engaged only after the new blank has been clamped in the 
loading position. For this reason, oil delivery to the chucking cyl- 
inder in the loading position is separated from oil delivery in the 
other positions and is interlocked with chuck operation. In the 
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Fig. 190. Side toolslides of the model 1240-6II semi-automatic. 
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other positions, only replenishment of the oil, lost in leakages in 
the chucking cylinders, takes place. 

Five independent side toolslides of the platen type (Figs. 190 and 
191) are provided. Kinematic linkages for driving the side tool- 
slides are as short as possible. For this purpose, the camshaft has ver- 
tical branches or sections mounting plate cams. Except for these 
details, the construction and setting up of this semi-automatic 
lathe are the same as for model 1240-6. 


1 


Face of gearbor: 


——_-— 75 —--——_am 


face of headstock 


{09 ———------- -— 


Face ofwork spindles 
Fig. 191. Tooling chart for,;the model 1240-611 semi-automatic. 


§ 106. NEW LARGE-SIZE MULTIPLE-SPINDLE AUTOMATIC BAR AND 
CHUCKING MACHINES 


The specifications for this line of large-size machines are also 
listed in Tables 25 and 26. Six-spindle automatic bar machines, 
model 1265, have a bar (or pipe) capacity of 65 mm while the model 
126511 semi-automatic is designed for machining separate blanks 
up to 160 mm in diameter. These machines, similar to those de- 
scribed earlier, are of rigid frame type design with an overhead lo- 
cation of the main camshaft. Their gear trains and general arrange- 
ment (Figs. 192 and 193) are also very similar to those described 
above for models 1240-6 and 1240-6II (see Fig. 176) but have certain 
advantageous features. Among these is a sliding double cluster 
gear in their main drive which enables the machines to be quickly 
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Fig. 192. Line gearing diagram of the model 126511 scmi-automatic. 
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Fig. 193. Isometric gearing diagram of the model 1265II semi-automatic. 
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changed over for machining work with cemented carbide-tipped 
tools or for machining work of another material (from steel to brass, 
for example). Other features are camshaft sections for shortening 
the linkage between the cam mechanism and the side toolslide drive 
and the provision of a separate motor for inching rotation of the 
camshaft to facilitate setting-up operation with the idle motion drive 
switched off. 
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F ig. 196.Device for stopping operation when a bar of stock is completely used up 
on the model 1265 automatic. 


Since accuracy in operation depends to a considerable extent 
on the design of the spindles and carrier, these units are of ample 
size to ensure a high rigidity. The double-locking system is applied 
for the carrier and the spindles run in double-row cylindrical roller 
bearings (Figs. 194 and 195). Axial loads are carried by high-pre- 
cision ball thrust bearings. The feeding tubes have independent flexi- 
ble bearings with wound rollers. 

These automatics are equipped with a device for automatically 
stopping operation when a bar of stock is completely used up in one 
of the spindles (Fig. 196). While the bar in the spindle is still of 
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sufficient length, springs 4 in the collar of the feeding tube are com- 
pressed by the drag of the pusher when it is pulled back over the bar. 
‘lhe compressed springs allow their ring to enter the sleeve 3. When 
the bar is used up, the pusher slides olf the end of the bar when it is 
pulled back. This releases springs 4 which push the ring to the leit 
to shift the tic-rod and to trip the limit switch through lever 9. 
The limit switch closes the intermediate relay /R, the solenoid is 
de-energised and the signal lamp lights up. At this, lever 2 swivels 
on its pivot to lock lever 7. At the end of the cycle, a cam on the cam- 
shaft turns lever 7 to disengage the feed clutch and so to stop the 
camshaft. 

Complete automaticity may be achieved in loading and chucking 
separate blanks by employing a magazine-feed device which is 
usually installed on the front intermediate side toolslide for the 
Sth position (Fig. 197). 
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Fig. 197. Six-spindle ee automatic chucking machine. 


In the model 126511 semi-automatic, separate blanks are clamped 
in hydraulic chucks with a rear oil distributor (Fig. 198). This 
chuck differs very slightly from the one used on model 1240-6IT and 
described above (see Fig. 188). 

All positions are served by independently operated side tool- 
slides. ‘The lower side toolslides travel on ways attached to the ver- 
tical surface of the spindle carrier housing (headstock). The top 
toolslides are mounted on the top brace which is of ample width 
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to accommodate various special attachments. The side toolslides 
are arranged so that they do not encumber the tooling zone or hin- 
der chip disposal to the conveyer in the base. The intermediate 
side toolslides are the flat type since they are designed for cutting 
off, grooving, and other comparatively light work. In the semi- 
automatic chucking machines, the intermediate side toolslides are 
the same type as the lower toolslides. 


Fig. 198. Hydraulic system diagram for the model 1265II semi-automatic. 


I—motor, 2—pump unit of two pump sections, 3 --screen filters, 4—reducing valves, 5—relief 

valve of working positions, 6—central valve, 7—rotary work chucking valve, 8—chucking 

cylinder, 9—control cylinder, 10—four-way valve, 11—automatic stop mechanism cylinder, 
12—control cam of hydraulic system, 13—control valve. 


The end toolslide is of ample length and rigidity to ensure mini- 
mum wear on the stem. Rotary tool spindles with independent 
feed may be installed in the 3rd and 6th positions. 

The toolslides are lubricated by a lubricator which delivers 
metered quantities of oil under pressure. 

A set of cight interchangeable cams, enabling any side toolslide 
travel value, in the capacity of the machine, to be obtained, re- 
duces time required for setting up. The end toolslide is controlled by 
a constant cam. Its travel is varied by changing the transmission 
ratio of a lever system. 

To facilitate setting up, the left-hand section of the camshaft 
may be disengaged. As a result, the toolslides will go through their 
cycle of motions without carrier indexing. This means that all the 
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Tooling Layout and Operation Sheet for the 4-Spindle Semi-Automatic Chucking Machine, Model 1290 Ii 
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cutting tools may be set up and adjusted to a single blank. The 
two sections of the camshaft may be re-engaged only in a single 
definite position so that the sequence of movements of the cyclogram 
is retained. 

Chips are disposed of in models 1265 and 1265II with a screw con- 
veyer located in the base. 

One safety measure is the provision of limit switches which switch 
off the main drive motor if the doors, enclosing the various setting 
up elements, are not closed. 


§ 107. HEAVY-DUTY FOUR-SPINDLE AUTOMATIC 
BAR AND CHUCKING MACHINES 


The automatic bar machine, model 1290, is designed with a bar or 
pipe capacity of 100 mm; the semi-automatic chucking machine, model 
1290I1,*is designed for separate blanks up to 250 mm in diameter. 

The gear trains, general arrangement, setting up and operation of 
the machines in the 1290 range (Fig. 199) differ only slightly from 
each other and from the above-described models 1265 and 1265II. 

Tooling layout and operation sheets for the model 1290 auto- 
matic and the model 1290II semi-automatic are given in Tables 29 
and 30. 
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Fig. 199. Arrangement of slides and working positions on the heavy-duty 
four-spindle automatic bar machine, model 1290. 
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§ 108. MULTIPLE-SPINDLE VERT!CAL SEMI-AUTOMATIC 
CHUCKING MACHINES 


Several models of multiple-spindle vertical semi-automatic 
chucking machines are manufactured in the Soviet Union (Tables 
31 and 32). 

Table él 
Brief Specifications of Multiple-Spindle Vertical Semi-Automatic 
C(hucking Machines of the Progressive-Action (Multiple-Station) Type 


Diameter of 


é eee Spindl ; A : 
Model Berths See speed Tange, ae wath weight, 
modated, mm rpm tons 
4282 8-spindle 200 0 to 500 20 to 23 18 
1A283 6-spindle 300 26 to 233 20 13 
128% 6-spindle 400 24 to 184 20 14 
1284-b 8-spindle 400 32 to 237 23 to 40 20 
1285-b 8-spindle 900 12.5 to 113 | 28 to 40 22 
9Q9 : ‘ 320 45 to 800 red 24, 
1283 6-spindle +350 55 to 1,000 55 to 75 99 
JQ Ree age \ 3820 45 to 800 ae 28 
128: 8-spindle (250 55 to 1,000 7d to 100 963 
| 
Table 32 


Brief Specifications of Multiple-Spindle Vertical Semi-Automatic 
Chucking Machines of Continuous Type 


Max. work- 


en piece diam Spindle ae peer Approx. 
Model Aedes accommodated} speed range, poor os weight, 
over outer rpm tons 
column, mm 
128 6-spindle 400 92 to 698 48 17.2 
1285 6-spindle 500 27 to 168 50 16 
1295 6-spindle 900 19 to 140 D0 21.4 
7 27 to 269 ; 
1272 6-spindle 125/250 65 to 1,440} 50 to 140 OU 


Multiple-spindle vertical semi-automatics may be classified: 
according to their principle of operation into multiple-station pro- 
gressive-action and continuous types, according to the number of 
spindles (6 or 8), and according to the maximum workpiece diam- 
eter accommodated (ranging from 200 to 800 mm). 

The general arrangement of the units, the construction, gear 
trains, setting-up methods and the controls of these semi-automat- 
ics are unified to a considerable extent. 
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Setting up these semi-automatics is a time-consuming job and, 
therefore, their application is effective only for mass production. 
They are extensively employed in automobile and tractor plants, 
as well as other mass production enterprises. 


§ 109. MULTIPLE-SPINDLE VERTICAL SEMI-AUTOMATIC 
CHUCKING MACHINES OF PROGRESSIVE-ACTION TYPE 


These semi-automatics are multiple-stalion machines and have 
a very high productive capacity. They are used in machining heavy 
forgings or castings. As a rule, the following operations are per- 
formed: straight turning and facing, boring and recessing, reaming, 
core-drilling and spot-facing. Threading is more seldom done as 
is multiple-drilling with special attachments. 

The machining method for these semi-automatics is the same 
as for the horizontal multiple-spindle semi-automaties, models 
1240-611 and 1265II (see § 105). The time required to make one 
piece is the sum of the machining time at the most time-consuming 
(limiting) position plus the time required for idle motions (carrier 
indexing, locking, etc.). The work is loaded and unloaded dur- 
ing operation and this has no effect on the rate of production ex- 
cept when it takes more time than the longest operation element. 

Multiple-spindle vertical semi-automatics are extremely rigid 
in design. They comprise the following principal units: base, carrier 
with spindles, column and toolslides, feed works base with speed 
and feed gearboxes, main drive, and reducing gear. 


§ 110. NEW POWERFUL EIGHT-SPINDLE VERTICAL SEMI-AUTOMATIC 
PROGRESSIVE-ACTION CHUCKING MACHINE, MODEL 1283 


The eight-spindle vertical semi-automatic, model 1283 (Figs. 200 
and 12) is designed for chucking operations in rough and finish ma- 
chining of components, in large-lot and mass production. The prin- 
cipal specifications are listed in Table 31. 

This semi-automatic has 8 positions or stations. One is the load- 
ing position where the blank is loaded into a chuck; the other seven 
are working positions. If double-indexing is applied, the carrier in- 
dexes through 90° each time and two pieces are finished at cach in- 
dexing. 

The machine may operate on either a semi-automatic or on an 
automatic cycle. In the latter case, an automatic work handling 
device must be installed. The model 1283 has the following general 
arrangement: 

The column and carrier are mounted on the base. The hydraulic 
unit, coolant pump, chuck control pedal, and rotary master switch 


376 


(Se 
=|) BY aces a acres 


Fig. 200. Powerful’ eight-spindle vertical progressive-action semi-automatic 
chucking machine, model 1283. 


J—control panel for working positions, 2—control paneljof first working position,’ 3-—controt 
panel of loading position, 4—control panel of the seventh position, 5—chuck control pedal. 


of the loading device are mounted on external pads around the 
base. 

The spindle brake, synchroniser, carrier clamping cylinder, and 
the hydraulic system piping are arranged inside the base. 

The uprights which hold the coolant ring are also fastened on the 
base. 
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The mechanism for indexing and locking the spindle carrier is 
located between the base and the coolant ring. 

The feed works base is mounted on the column; it carries the 
feed and speed gearboxes. Rotary master switches and work lights 
are secured to bosses under this base. 

The drive base is mounted on the feed works and carries the reduc- 
ing gear, main drive motor, automatic loading mechanism bracket, 
Cte. 

The tool heads with individual drive are mounted on the faces 
of the column. The type of head is selected to suit the given 
setup. 

The semi-automatic is controlled by an electrohydraulic system 
through rotary master switches. The chucks are operated by hydraulic 
action. The carrier is locked on a large radius, a feature providing 
high accuracy in operation. 

A Geneva wheel mechanism indexes the carrier from position to 
position. 

The availability of two ranges of spindle speeds and tool feeds 
at any position enables the rate of production to be increased. 

Two different feeds in each cycle may be set up for each posi- 
tion. This feature extends the processing capacity of the machine. 
The toolslides are fed by a power screw and nut. They are of rigid 
design and travel on hardened ways. 

Starting, setting-up, and adjustments. To set up the model 1283 
semi-automatic, it is necessary to turn the selector switch, on the 
loading position panel, to the “Setting-Up” position from the “Semi- 
Automatic” position and to start the hydraulic pump motor by press- 
ing the “Hydraulic Unit” push button. A few seconds later, the main 
drive motor is switched on by pressing the corresponding push but- 
ton. Then the push button “Spindle-Start” is pressed on the first 
posilion panel to start spindle rotation which is in the counter- 
clockwise direction. 

The coolant pump motor is switched on by pressing the “Coolant- 
Start” push button on the loading position panel. After this, oper- 
ation in the cycle is checked by an idle run. 

A rotary master switch controls the operating cycle at each work- 
ing position. It is set up in the following manner: to set the rapid 
approach Jengths of the toolslides, the screws of the LSF dial are 
loosened '/, or */, turn and this dial is set so that its index line 
coincides with the required value on the LSS dial. Then the 
screws are retightened. The other dials are set up in a similar 
manner. 

Toolslide operation is checked by means of the push button “Rap- 
id Approach”, “Working Feed”, and “Rapid Return” on the panel 
of the first working position. Pressing the “inching” push button 
“itapid Approach” starts slide travel downward from the upper ini- 
tial position for the length of the approach, which is determined 
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by the master switch of the given slide. As soon as the master swilch 
is tripped, slide travel ceases even if the “Rapid Approach” push 
button is held down. Further slide travel is possible only after 
turning the switch “Working Feed” to the “On” position. This starts 
the first (coarse) working feed. 

When the master switch is tripped again, the slide automati- 
cally changes over to the second (fine) feed (if such is provided for 
in the given position). At the end of the travel, the slide stops. At 
this, the “Working Feed” switch is turned to its “Off” position and 
the inching push button “Rapid Return” is pressed. The slide rapid- 
ly returns to its upper initial position and stops after going through 
its complete cycle of motions. 

Besides checking the slide operating cycles, it will be necessary 
to check the operation of the synchroniser in the main drive. The 
“Spindle-Start” and “Spindle-Stop” push buttons are used for this 
purpose. They are pressed alternately several times to engage and 
disengage the synchroniser. Spindle rotation will indicate whether 
the synchroniser is in proper order. ‘The synchronisers at all the 
other positions should be disengaged at this time, otherwise pressing 
the “Spindle-Start” push button in the given position will start spin- 
die rotation at all the other positions too. 

After checking operation at each posilion separately, operation 
of the machine as a whole is checked. 

Three operating cycles are available on the semi-automatic: 

1. automatic cycle with a loading device; 

2. semi-automatic cycle wilh a loading device; 

3. semi-automatic cycle without a loading device. 

The required cycle is selected by the “Automatic-Semi-Automat- 
ic-Setting-Up” switch on the loading position panel and the switch 
“On-Setting-Up-Off” on the first working position panel. 

An automatic cycle is started by pressing the push button “In- 
dexing” afler which the carrier is indexed and then locked. This 
is followed by rapid approach of the slides and, simultaneously, 
the cycle of the aulomatic handling (loading) device. Upon the 
completion of the operating cycles of all the slides, and the unload- 
ing and loading of the work, the carrier is indexed automatically 
and the cycles will repeat one after another. 

To repeat the cycle in semi-automatic operation, it will be neces- 
sary to press the “Indexing” push button again at the end of each 
cycle. If the loading device is switched off, the chuck will automati- 
cally open (after a definile time delay); it can be closed by depress- 
ing a pedal. 

The operation of the automatic handling device is checked and set 
up in a setting-up cycle by pressing the “inching” push button of 
the master switch at the first working position. A signal lamp In- 
dicates that this device is in its initial position for operalion. 
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§ 111. MULTIPLE-SPINDLE VERTICAL SEMI-AUTOMATIC 
PROGRESSIVE-ACTION CHUCKING MACHINES, 
MODEL 1282 AND OTHERS. GEAR TRAINS. 
STARTING THE SEMI-AUTOMATIC 


Construction. The base is a one-piece, highly rigid casting of 
cylindrical form. Inside, it is divided into two isolated compart- 
ments, serving as reservoirs for lubricating oil and cutting fluid. 
Two pumps, gear type for lubrication and centrifugal type for 
coolant, are mounted in the base. The column is fastened rigidly on the 
base casting. The lower part of the column is a truncated cone, while 
the upper part is a polygon with the number of faces corresponding 
to the number of spindles or positions. Ways are fastened with screws 
to all but one face of the column. 

The column contains the automatic carrier indexing mechanism. 
At the end of each cycle, when the tool slides have returned to their 
initial positions, this mechanism indexes the carrier with the work 
spindles. The carricr is located on the tapered section of the column 
and is supported underneath by an adjustable ball bearing. A crank 
mechanism effects periodic carrier indexing. 

The spindle speeds and slide feeds at the various positions are 
set up independently of the other positions and in accordance with 
the operation sheet. No spindle drive is provided at the loading 
position and therefore the finished workpiece is removed and a new 
blank is loaded with the spindle held stationary. 

The feed works base is mounted on the column and holds the 
speed and feed gearboxes, friction clutch, and operating controls. 
The unified speed and feed gearboxes enable speeds and feeds to 
be set up with change gears, independently for each position. The 
central component of these gearboxes is a cam drum for slide feed. 
The drum is driven by a vertical shaft from either the working or 
idle (rapid) rotation gear trains. 

The feed cams are fastened by screws to the drums and form 
endless curves (slots) with two helical branches. The curves with 
a small helix angle provide downward working feed of the slides; 
the steep branches are for rapid return to the upper posi- 
tion. 

The cam rolls with their rods are coupled to racks which, in turn, 
are linked to the toolslides (Fig. 201). The couplings allow a 190 mm 
adjustment along the rods. This means that the final position of 
the toolslides may be adjusted by that amount to suit the work 
size and the operation to be performed. 

There are different types of tool heads available. A standard cross 
compound head provides for vertical movement downward and a 
horizontal movement from right to left. The standard universal 
head may additionally have slide movement from left to right or 
at any angle. All slides are balanced by counterweights. 
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Fig. 201. Tool heads for multiple-spindle vertical 
semi-aulomatics. 


I —- standard cross compound head (vertical and horizontal 
movement), Ji -- standard universal head, JZ —- standard 
double purpose head (vertically downward and outward, travel 
ratio 1:1). IV -—standard double purpose head (vertically 
downward and outward, travel ratio 2: 1). 


An automatic cycle of toolslide operation consists of rapid ap- 
proach, working feed, and rapid return. The cycle is set up with the 
required lengths of rapid approach and working feed by position- 
ing trip dogs on a timing disc. ‘The sum of these two movements is 
always equal to 200 mm. The working feed may comprise lengths 
of vertical and horizontal travel. The proper relation between thei 
is achieved by setting a stop which opens the lock. 
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The gearing systems of this range of multiple-position semi- 
automatics are similar to that of model 1282, shown in Fig. 202 
or that of model 1283 (Fig. 203). 

From the electric motor 27, mounted on the top of the machinc, 
rotation is transmitted through spiral bevel gears 26 to the verti- 
cal shaft which passes through a hollow shaft comprising two in- 
dependent sections. 

A gear, mounted on the hollow shaft, transmits rotation to a 
central gear mounted freely on its shaft. Through gears, also mounted 
on vertical shafts, the central gear drives the spindles and feed 
works for each working position. Each spindle is driven through 
the change gears 23, a vertical shaft, sliding gear and the spindle 
gear 80 mounted on the spindle 74. Since the carrier and spindle 
index periodically, the sliding gear 29 is shifted out of mesh with 
gear 30 on the spindle cach time before indexing takes place. The 
sliding gear is returned to its working position by spring action. 
During the time these gears are engaged and disengaged, the main 
drive is disengaged by means of the disc-type friction clutch 2, 
which transmits rotation to the hollow shaft. The friction clutch 
2 is controlled by a cam on the upper drum 25. Band brake 2 is pro- 
vided for rapidly stopping the spindle. 

The carrier is indexed by means of the control shaft 9 which is 
driven continuously from a gear on the lower end of the vertical 
shaft. The control shaft carries the upper and lower control drums, 
25) and 10. 

The control shaft is centrally located. Gear 28, mounted on its 
lower end, meshes with a second gear 2S, having the same num- 
ber of teeth, and transmits rotation to the index crank 72 which 
actuates the indexing arm 73. The right-hand slot of the arm is 
guided by the central shaft 9 while the slot at the left-hand end en- 
gages a roll on the end of the spindle. When any of the spindles 74 
reach the loading position, the left-hand slot of indexing arm 73, 
which finishes its movement under the action of crank 1/2, passes 
over the spindle roll. Then the arm, rotated by the crank, indexes 
the carrier through 60° for a six-spindle machine or 45° for an eight- 
spindle model. Carrier indexing takes place during one revolution 
of central shaft 9. This also corresponds to one revolution of gears 
28 and takes about 3 seconds. 

The working speed is imparted to the feed cam drums J9 of the 
slides by worm gearing, transverse shafts, change gears 27, clutch 
20, and a second worm gearing arrangement. The cam drum J9 ro- 
tates at high speed for the rapid idle movements. In this case, it is 
driven from the vertical shaft through helical gearing 24, high-speed 
claw clutch and the worm gearing of the slow motion gear train. 

Cam drum speed is changed over by the timing disc 78 which 
is rigidly mounted on the shaft of drum 79. Four trip dogs are ar- 
ranged on the disc; the first changes over from rapid to slow rotation, 
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Fig. 202. Elementary gearing diagram of a multiple-spindle 
vertical semi-automatic. 
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Fig. 208. Isometric gearing diagram of a multiple-spindle vertical semi- 
automatic. 
1—-starting clutch fork, 2—clutch case, 3—band brake, ¢—tie-rod actuating the band brake, 
5—fork for automatic engagement of the clutch, 6—mannual engagement shaft, 7—starting 
ring, €-—punip and lower contro! drum drive shalt, 9-—imanual locking lever of control druim, 
10—lower control drum for spindle rotation, 47-—locking mechanism, 72—index crank, 13—-- 
carrier indexing arin, 7#—-spindle, J5-—lock for preventing drum rotation, 16—tool head, 
17— lever for engaging working feed or idle movements and for stopping the feed drum (nen- 
tral position), 4s8—timing disc, 19—feed drum, 20—working feed clutch, 27—feed change 
gears, 22—tool rotation change gears (for drills and boring bars), 23—spindle change gears, 
2/-—helical gearing, 25-—-upper control drum for spindle rotation, 26—spiral bevel gears, 27— 
main drive motor, 28—index crank gearing, 29 and 30-—spiindle drive gears. 
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the second from slow to rapid rotation, the third controls the initial 
position of the toolslide, and the fourth sends a work signal which 
permits carrier indexing by the control drum 70. 

For setting up the semi-automatic, provision is made for manual 
feed of the toolslides by means of the lever 77 when the clutch is 
engaged. A lever is provided for engaging the upper clutch of the 
helical gears and a crank for rotating the cam drum through spur, 
helical, and worm gearing arrangements. Upon engagement of the 
hand feed by means of the clutch, linked through interlocking levers, 
the power feed is automatically disengaged. 

Multiple-spindle vertical semi-automatics present extensive pos- 
sibilities for setting up the most effective cutting speeds and tool 
feeds. Another feature, of great advantage in comparison with 
other types of multiple-spindle semi-automatics, is that the spin- 
dles may have a speed sect up for each position, independent of the 
other positions. The tool head installed may provide a large vari- 
ety of working movements, also with independent feeds. The tool 
may be fed longitudinally, crosswise, or at any angle to the work 
axis. Curvilinear tool movement is also possible. A tooling layout 
for a verlical semi-automatic is illustrated in Fig. 204. 
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Fig. 204. Tooling layout for the six-spindle vertical progressive- 
action semi-automatic. 
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If the workpiece does not require a large number of operation 
e!ements, multiple-spindle semi-automatics may be set up for 
double indexing (parallel-progressive principle). In this case, there 
will be two loading positions and two pieces will be finished after 
each cycle. The same or a different series of operation elements may 
be performed at the two groups of positions. 

Starting the semi-automatic. After switching on the motor by 
means of a special ring-type pilot wheel, the coolant and lubricat- 
ing pumps begin to operate. Oil is delivered upward to the filter 
and further to the distributing tank from where it is fed by gravity 
through tubes to the points of lubrication. If the lubricating system 
becomes clogged up at any point, the machine will be automati- 
cally switched off. The cutting fluid is delivered to an annular res- 
ervoir arranged around the carrier, and from here to each working 
position. 

When lubricant and cutting fluid is being delivered at the required 
rate of flow, the semi-automatic is started by means of the clutch 
shift ring which is arranged overhead at a convenient height and 
enables the machine to be started or stopped from any position. 

After firmly clamping the blank, the locking lever is withdrawn 
with a handle. This releases the locking devices, the control drum 
begins to rotate and the semi-automatic operates on its normal 
cycle. 

Special attachments may be installed on these machines for drill- 
ing several holes simultaneously or for tapping. Special multiple- 
spindle heads are used for such drilling. They are geared and have 
a central driving shaft. External thread is cut with self-opening 
die heads. 


§ 112. MULTIPLE-SPINDLE VERTICAL SEMI-AUTOMATIC 
LATHES OF THE CONTINUOUS TYPE 


Several models of high-production continuous-type vertical 
semi-automatic lathes are made in the U.S.S.R. They differ from 
each other in the number of spindles (six or eight), workpiece ca- 
pacity (up to a maximum diameter of 800 mm) and motor power 
(up to 150 kw). They are designed for turning work held between 
centres or in a chuck. Certain models are equipped with automatic 
loading and unloading devices. Both roughing and finishing opera- 
tions are performed. 

These semi-aulomatics operate on the following principle: each 
spindle, which accommodates and drives a workpiece, has its own 
toolslides. Spindles and slides are arranged on a continuously index- 
ing outer column and carrier. The operating cycle is planned so 
that a workpiece is finished in each spindle in the time that it takes 
the carrier and outer column to make one revolution. The work- 
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pieces are finished when they reach the loading position where they 
are removed and a new blank is loaded. 

Since the carrier and outer column index continuously, the drive 
is designed so that spindle rotation is automatically discngaged 
when a spindle enters the loading zone and the toolslides return 
to their initial positions. 

Continuous-type semi-automatics are actually a combination of 
six or eight single-spindle lathes having a common drive and con- 
trols. The outer column, having six or eight faces for installing 
tool heads (one on each face), is mounted together with the spindle 
carrier on the inner column. 

The spindles are rotated by the main driving shaft and tool- 
slides are operated by a single cam mounted on the cam drum at 
the top of the machine. The work machining cycle at each spindle 
is performed in one revolution of the carrier, and is divided into two 
stages. 

The first stage of the cycle consists of idle movements which take 
place when the spindle passes through the loading zone. During 
this time, spindle rotation is disengaged, the toolslide with the tools 
returns rapidly to its upper position, the operator removes the finished 
work and clamps a new blank (or mounts it between centres), 
the toolslides rapidly approach the work, and the spindle begins to 
rotate again. In this type of semi-automatic, all operations, except 
for removing the finished work and loading a new blank, are performed 
automatically. The provision of an automatic handling device 
will automate loading and unloading as well. 

The second stage consists in continuous machining during a Car- 
rier otation of 360°— 60°=300° for six-spindle models and 
360°—45°=315° for eight-spindle models. 


§$ 113. SIX-SPINDLE VERTICAL CONTINUOUS-TYPE 
SEM!-AUTOMATIC LATHE, MODEL 1285 


This semi-automatic (Fig. 205) comprises the base, inner col- 
umn spindle carrier and outer column, tool heads, spindle drive, 
and carrier rotation drive (feed drive). The base has two compart- 
ments; one is a reservoir for lubricant and the other for cutting 
fluid. The central inner stationary column is rigidly mounted on 
the base. It serves as a pivot about which the hexagonal outer col- 
umn and spindle carrier rotate. They are supported by an anti- 
friction bearing mounted in the lower flange of the inner column. 
The outer column is a machined hexagonal casting with six tool 
heads mounted on its six faces. A housing with tie-rods is mounted 
on the top of the inner column. The tie-rods actuate the toolslides 
and are controlled by the cams of the stationary cam drum (Fig. 206). 

Special sleeves, carrying the spindles, are mounted in the carrier. 
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Fig. 205. Six-spindle continuous-type vertical semi- 
automatic, model 1285. 


The chucks, when used, are hydraulically operated to facilitate ana 
speed up opening and closing. When each spindle reaches the loading 
zone, the finished workpiece is automatically unclamped; the new 
blank is automatically clamped when the spindle leaves this zone. 

These movements are obtained by delivering oil periodically to 
one or the other end of the hydraulic cylinders. The work clamping 
and unclamping cycle is controlled by pilot valves which are ope- 
rated by a cam during carrier rotation. 

The spindles (Fig. 207) with their driving gears run in tapered 
roller bearings of the upper support and a radial ball bearing of the 
lower support. 

The bearings are lubricated with oil delivered under pressure 
by the hydraulic system. A cylinder, arranged under each spindle, 
has a piston rod which opens and closes the chuck through a draw- 
bar (not shown in Fig. 207). Oil flow is automatically directed to 
the upper or lower end of the cylinder by a pilot valve which is 
controlled by a cam in the loading zone. 

Tool heads comprise toolslides with cutting tools which travel 
on ways of the stationary saddles fastened to the faces of the outer 
column. Various types of tool heads may be installed such as: stand- 
ard plain heads for vertical feed only and double-type with paral- 
lel-action angular slides. 
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Each toolslide is operated from the cams of a stationary drum 
on top of the inner column. Upon rotation of the carrier with the 
spindles and the ouler column with the tool heads, the tie-rods of 
the slides move up and down in accordance with the curve and thus 


traverse the toolslides. 


Setting up. The outer column and carrier are driven by a reduc- 
ing gear with a separate motor (see Fig. 206). The reducing gear has 
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Fig. 206. Gearing diagram for the semi-automatic, model 1285. 
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two pairs of change gears. Worm gearing is the last item in the 
gear train for carrier rotation. Setting up formulas are given un- 
der Fig. 206. 

The rate of feed and length of travel is identical for all the tool- 
slides. The cams on the drum are not changeable and therefore the 
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Fig. 207. Section through the spindle and hydraulic cylinder of 
semi-automatic, model 1285. 

1— spindle body, 2—housing, 38—spindle gear, 4— packing — seal, 

5 — flange, 6 — shaft, 7? — grooves, 8 — insert, 9 —cylinder, 10 — valve 

piston, £2 — spring, £2 — spline shalt, 13 — washer, 14 — spacer, 15 — pin. 


speed of slide movement (rate of feed and rapid traverse) may be 
changed only by varying the speed of rotation of the carrier and 
ouler column. This involves a corresponding change in the cycle 


time. Rapid approach and return speeds of the slides may differ 
in different setups and also depend on the cycle time. The toolslide 
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posilion may be adjusted manu- 
ally through bevel gearing, 
a screw and a nut. All toolslides 
are balanced by counterweights. 

The semi-automatic is control- 
led from a push button station on 
the control panel. A second push 
button station controls the elect- 
ric hoist. The push button for 
switching off the hydraulic pump 
motor of the chucks also acts as 
an emergency stop push button. 
In starting, the hydraulic and 
lubricating pump motor is 
switched on first. After this, the 
spindle and carrier drive motors 
are switched on and last of all 
the coolant pump motor. 

A special relay checks the 
pressure in the hydraulic chuck 
circuit. If this pressure drops 
below a preset valuc, the spindle 
and carrier drive motors are 
switched off. Fig. 208. Tooling layout for contin- 

A separate pipeline delivers uous-type semi-automatics. 
cutting fluid (coolant) to the tools 
ofeach slide. Lubricant is delivered from the hydraulic system to the 
highest point of the machine from where it flows by gravity to the 
various points of lubrication. The tooling layout for cach spindle 
of a continuous-type vertical semi-automatic is shown in Fig. 208. 


§$ 114. NEW MULTIPLE-SPINDLE VERTICAL CONTINUOUS-TYPE 
SEMI-AUTOMATIC AND AUTOMATIC LATHES, MODEL 1272 


The model 1272 semi-aulomatics and automatics are of the con- 
tinuous type (sce Tig. 24) and are designed for turning work up to 
250 mm in diameter and up to 750 mm long between centres or 
held in a chuck. The maximum length turned is 500 mm. Special 
setups may be designed for turning with hydraulic tracer-con- 
trolled toolslides. Automatic loading and unloading devices may be 
installed. The line and isometric gearing diagrams of this machine 
are illustrated in Fig. 209. 

All toolslides have the same tooling. The number of workpicces 
machined at the same time is one less than the number of spindles 
since one spindle is being loaded. Machines equipped with aulomat- 
ic loading facilities have a cycle which differs slightly from that of 
semi-automatics. To facilitate automatic loading and unloading, 
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the carrier stops periodically, each time the next spindle reaches the 
loading posilion. Only the spindle at the loading position is disen- 
gaged during this time; machining continues on the other spindles. 

Arrangement (see Fig. 24). The base is a trough-shaped casting 
used as a reservoir for the hydraulic system oil and carrying all 
the other units and mechanisms. The stationary inner column is 
mounted at the centre of the base; housings of the screw-type chip 
conveyers are located at the sides together with their drives. These 
housings also serve as coolant reservoirs. The coolant pump is lo- 
cated in the left-hand housing; the hydraulic pump —in the right-hand 
housing. 

The carrier indexing and locking mechanism is arranged behind 
the base. The annular coolant pan with openings is mounted on 
the chip conveyer housings, indexing mechanism, and ona bracket, 
in front of the base. Vertically sliding shields with transparent 
windows are arranged between uprighls altached to the annular 
coolant pan. The carrier with the spindle units and the outer column 
with the upper base rotate about the stationary inner column on 
tapered roller bearings. 

The upper part of the spindle carrier is of tapered form to facil- 
itate washing the chips into the coolant pan. The carrier is rein- 
forced by ribbing and carries a ring gear underneath for the index- 
ing drive. In carrier locking, a pin enters a tooth space of this same 
ring gear which runs on six pairs of rollers in addition to the bearings 
supporting the carrier. 

The outer column connects the carrier to the upper base; its 
faces carry the longitudinal carriages. The upper base, attached to 
the outer column, mounts the speed and feed gearboxes and hydraul- 
ic control panel. 

Cross feeding slides are mounted on the uprights between the 
carrier and upper base. ‘he uprights also link the carrier to the up- 
per base and form a highly rigid frame system consisting of the car- 
rier, outer column, upper base, and uprights. 

The main drive consists of the main drives for each spindle, pow- 
ered by a separate motor, which is mounted on the speed gear- 
box of the corresponding position. Rotation is transmitted through 
a flexible clutch, a series of gears, countergearing, change gears, 
and a long-tooth claw clutch mounted on a shaft of the spindle unit 
in the carrier. All shafts run in antifriction bearings. The front 
spindle support consists of a double-row cylindrical roller bearing 
and two angular contact ball bearings. The lower support comprises 
a double-row roller bearing. Cylinders for chuck operation and 
their hydraulic collectors are located under each spindle. 

All transmission and bearings are lubricated from a central force- 
feed system. 

The machine is set up by shifting the countergearing as required 
and installing the proper change gears. If two-speed motors are used 
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in the spindle drives, the spindle speeds may be doubled during 
the cycle. 

Longitudinal carriage and its drive. The feed motion for each 
longitudinal carriage is obtained from the corresponding speed 
gearbox and is transmitted to the feed gearbox through a system of 
pulleys, V-belt drives, and gearing. Automatic change-over from one 
working feed to a second, one half of the former rate, is accomplished 
by clectromagnetic clutches in the feed gearbox. A V-belt drive 
transmits rotation to a screw passing through a nut in the saddle 
of the longitudinal carriage. ‘The upper bearing allows axial move- 
ment of the screw. The upper end of the screw bears against a pilot 
valve which controls the operation of the carriage feed hydraulic 
cylinder. In its rotation the screw moves axially in relation to its 
nut and depresses the pilot valve. The saddle is then fed by hydraulic 
action and the nut and screw leave the pilot valve. This stops saddle 
feed. This process goes on during the whole feed period. 

The hydraulic tracer-controlled slide, arranged on the saddle 
at an angle of 60° to the spindle axis, operates during longitudinal 
feed of the saddle. Duplicating is done to a template. 

Rapid traverse movements are powered by a separate motor. 

The provision of electromagnetic clutches in the feed control 
train enables the feed to be periodically disengaged. These im- 
pulse feeds are used to break up the chips. 

Work signals or commands for engaging the different types of 
feed are transmitted by a rotary master switch driven from the screw. 

Infinitely variable saddle feeds in a range of 4:1 may also be 
provided. In this case, transmission ratio variation is due to spread- 
ing pulleys over which a V-belt runs. The halves of the pulleys 
are spread or drawn together by a drive consisting of a lever system 
and gearing and controlled from a cam on the carriage. 

The cross slides are mounted on the vertical uprights. 

The cross slides are traversed by a hydraulic cylinder controlled 
by a screw in conjunction with a pilot valve (similar to longitudinal 
carriage operation). 

This screw is driven from a separate motor through change gears 
and worm gearing. Rapid screw rotation is powered from the same 
motor through bevel gearing and and overrunning clutch when an 
electromagnetic clutch is engaged. 

This unit is available with either a single or double cross slide. 

The tailstocks are mounted on uprights of the outer column unit 
and may be adjusted axially 300 mm. The tailstock spindle with 
the running centre may be extended and clamped hydraulically 
in the required position. Tailstock spindle movement is transmitted 
to a rotary master switch mounted on the tailstock. 

The hydraulic collector is designed for delivering oil under pres- 
sure from the stationary to the rotating parts of the machine and 
for distributing oil to the various spindles. The hydraulic collector 
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is mounted on the top of the inner column. Oil is delivered to 1 
by piping passing inside the column. 

The coolant collector serves the same purpose for the culting 
fluid; it is mounted on the electrical collector. 

The eciectrical collector is mounted on the hydraulic collector 
and serves to transmit electric power and work signals from the sta- 
tionary to the rotary parts of the semi-automatic. As a safety me- 
asure, no one should be allowed to open the guard of the electrical 
collector before switching off the power supply to the machine. 

The hydraulic control panels and the oil pipelines are above the 
upper base and are connected on one side to the collectors and on 
the other to the operative units. They control oil flow in the system. 

The coolant pipelines deliver cutting fluid in the required direc- 
tion and at the proper moment in the cycle. This system is controlled 
by solenoids and valves. 

The carrier indexing mechanism consists of a hydraulic motor, be- 
vel and spur gearing, and a gear which meshes with the ring gear 
under the carrier. Locking is effected by a hydraulic cylinder which 
advances a locking pin into a tooth space of the carrier ring gear. 

The carrier is accelerated and decelerated during indexing by 
means of trip dogs, mounted on the carrier, which actuated a hy- 
draulic throttle valve. 

The lubricating system is of the centralised force-feed type, sup- 
plied from the hydraulic system. ‘Throttle valves regulate the amount 
of oil feed to the various points of lubrication. 

Coolant system. Cutting fluid from the chip conveyer housings, 
which serve as reservoirs, is delivered by a centrifugal pump to the 
top of the machine. Through the coolant collector, it is distributed 
to the working zones. Cutting fluid feed is turned on or off in the 
loading zone by a solenoid-controlled valve. A part of the cutting 
fluid cools the cutting tool while the rest is used to wash the chips 
from the carrier. The streams washing the carrier are regulated by 
closing slots. Pressure in the system should be at least 4 atm. Such a 
pressure is required for normal chip disposal. 

The loading attachment (Fig. 210) consists of the loading de- 
vice, transfer device, and the magazine, hopper, or conveyer. From 
the magazine, hopper, or conveyer, the blank is fed out to the trough 
of the transfer device in a horizontal position. The transfer device 
pushes the blank in a vertical position into one of the two grips 
of the automatic handling device. After this, the grips move toward 
the spindle with the free grip in front and the finished workpiece 
is grasped. Then the workpiece is lifted (to release it from the chuck), 
retracted, and swivelled about the axis of the handling device. This 
swivels the grip with the new blank to the side nearest the spindle. 
Then hydraulic action again advances the grips toward the spindle 
and the blank is set into the chuck with a downward movement. Af- 
ter the blank is clamped by the upper centre, the arm returns to its 
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Fig. 210. Diagram of the loading attachment (automatic handling device) for 
model 1272. 


I—trough raising and lowering cylinder, 2—magazine, 3—cylinders for advancing or retract- 
ing carriage centres, 4—arm. 5—head swivel about the axis of the arm, 6—arm swivel, 7— 
cylinder for swivelling the head about the axis of the grips, 8—cylinder for raising and lower- 
ng the arm, 9 — rotary Master switch, 10 and 14 — cylinders of the rotary master switch. 


initial posilion, leaving the blank in the chuck and carrying the 
removed workpiece in the second grip. 

At the end of the cycle, the finished workpiece is taken from 
the grips by the transfer device carriage and is passed to the gaug- 
ing transmitter which checks the size and feeds back commands 
to readjust the cutting tools or to stop the corresponding spindle 
(active automatic inspection). 

After measurements are made, the carriage again shifts the fin- 
ished workpiece forward and releases it when a chute has been 
advanced under the work. The work drops on the chute and is removed 
to one side. 

All movements of the loading attachment are hydraulically oper- 
ated and powered from a separate hydraulic unit. The machine 
will operate with both automatic and with manual loading. 

The control system is a combination of electromechanical and 
electrohydraulic types. Controls operate from rotary master switches 
or stops which actuate the corresponding control elements along the 
travel of the operative units. 
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Part Four 


COMPLETE AUTOMATION OF PRODUCTION 
PROCESSES 


CHAPTER | 
AUTOMATION PRINCIPLES 


§ 119. FUNDAMENTALS 


Efforts made to further increase the productivity of labour have 
led to the development of automatic systems of machinery such as 
automatic machine tool “combines” and automatic transfer machines, 
as well as automated production lines, departments, and plants. 
It is evident that this involves the automation of work done, not 
only by a single machine tool, but by whole groups of machine 
tools and, in some cases, by departments and even plants. 

Industrial organisation, in which the manufacturing process is 
entirely automated, is called complete or comprehensive automation. 

Complete automation implies that the workpiece will be trans- 
ferred automatically from one work position to another until it is 
completely finished. 

If all the positions required to manufacture a given workpiece 
are concentrated in a single automatic or semi-automatic machine 
tool, such a machine will be called machine tool “combine”. 

If the complele machining is performed consecutively on a se- 
ries of machine tools linked together with an automatic work han- 
dling device and having common controls, such an arrangement is 
called an automatic transfer machine. 

Automated production departments and plants comprise several 
transfer machines linked together by handling facilities. 

Automatic transfer machines and automated plants were first 
developed and used in the Soviet Union whose precedency in this 
respect is indisputable. 

Only one or two operators are required for control and maintenance 
of a transfer machine. [hese operators, however, must be highly 
skilled persons with a most comprehensive knowledge of each mc- 
chanism, conveyer, and machine tool employed in the automation 
of the manufacturing process. This condition is of prime importance 
in maintaining the efficiency of a complex automatic production 
process at the required level and in rapidly eliminating all trouble 
that may arise in the course of prolonged operation. 
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§ 116. LINES OF DEVELOPMENT OF COMPLETE AUTOMATION 


Complete automation of production processes may be achieved 
along various lines. Automatic transfer machines, for example, 
may be composed of special machine tools. In this case, new machine 
tools must be designed for each new workpiece. Therefore, in the 
majority of cases, automatic transfer machines comprise wnit-type 
machine tools, which have been unified and standardised to a consid- 
erable extent. 

Another method involves the use of the machine tools, already in- 
stalled in the given plant, by synchronising their operation and by 
equipping them with automatic magazine-feed and conveyer devices. 
The development of such automated production lines is of vital im- 
portance to industry since it enables complete automation, with 
its sharp increase in labour productivity, to be introduced in a short 
time and at a comparatively low expensc. 

Approximately, one-third of all machine tools used in the U.S.8.R. 
are lathes and, among machine tools with high automaticity, about 
one half are semi-automatic and automatic lathes. This explains 
why such attention must be paid to the complete automation of lathe 
operations on existing machine equipment. 

The principal requirements, made to the design of lathes that 
are to be built into automatic production lines (including trans- 
fer machines), are the convenient approach, loading, unloading, 
and further transfer of workieces, high reliability in operation of 
all mechanisms and devices, and chip disposal without the partic- 
ipation of operators or other help. 

General-purpose machine tools, which may operate as independent 
units, or may be built into a transfer machine (see Figs. 24, 74 and 
others), have been developed in the U.S.S.R. in late years. 


§ 117. TYPES OF AUTOMATIC TRANSFER MACHINES 


Automatic transfer machines may be designed in accordance 
with several systems (Fig. 241). The first is the direct-flow type 
in which all units (machine tools) are rigidly linked together and 
in which the workpiece is completely machined after being trans- 
ferred consecutively from station to station (Fig. 211 a). 

Advantages of such transfer machines are the lesser amount of 
mechanisms, less floor space occupied, and the rapid transfer of 
each given workpiece from station to station. 

Automatic transfer machines, comprising several automated 
sections (Fig. 211 b), have automatic storage or “banking” facilities 
with reloading devices between the sections. If one section is stopped 
for any reason, the remaining sections may continue operation for 
a certain period of time which is usually sufficient for ordinary 
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Fig. 211. Types of automatic transfer machines. 


repairs. The production capacity of this second type is higher than 
that of direct-flow models but they are somewhat more complex in 
design and occupy more floor space. 

The last type of automatic transfer machine (or more exuctly, 
automated production line) (Fig. 241 c) consists of machines linked 
together by storaging and magazine-feed devices. Each machine 
tool in the line may continue operation even if all the ethers are 
shut down for so:ne reason for a short time. 

Automated lines of this type have a number of magazine-feed 
devices equal to the number of machines or stations and production 
losses may be due not only to troubles in the machine tools but in 
the magazine-feed devices as well. The latter are usually complex 
in design and expensive. 

Complete automation units, machine tool “combines”, and auto- 
matic transfer machines are a further development of mulliple-posi- 
tion machine tools. 


§ 118. FEATURES OF AUTOMATIC TRANSFER MACHINES 


The main feature of an automatic transfer machine is that the 
workpiece must be produced in the given quantity and of the spec- 
ified quality without the direct participation of an operator. Con- 
sequently, the manufacturing process must conform to the following 
principal requirements: 

1) the time required for the operations at each station must be 
equal, or nearly so, for a direct-ilow type of machine; 

2) the cutting tools applied on automatic transfer machines must. 
be simple enough in construction and must possess high tocl life 
insofar as cutting capacity and size maintenance are concerned; 
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3) the units of equipment must be simple in design, reliable, 
and highly productive; they should be convenient in maintenance; 

4) the machine tools must be designed so that they may be quickly 
repaired and retain their accuracy over a long period of operation; 

2) the cost of the automatic transfer machine and its operation 
must be economically feasible, i. e., it should provide a substan- 
tial increase in the productivity of labour. 

Work-conveying in an automatic transfer machine may be of the 
pass-through type or the conveyer may be at one side or even of the 
overhead type. The pass-through type is the most efficient method 
but is not always feasible and often the conveying system is arranged 
overhead (see Fig. 215) or at one side (see Fig. 214). In these cases, 
additional devices are required to load and unload the work at each 
station (Fig. 215 b and c). 

Lathes, built into an automatic transfer machine, are loaded by 
means of a transfer bar conveyer, automatic work handling devices 
(sce Fig. 82) and transfer devices (Fig. 215 b). Work loading may be 
performed with ordinary attachments used on automatic and semi- 
automatic lathes only if each machine has a magazine-feed device. 

Automatic inspection of the work after certain operations, as 
well as automatic inspection of the finished workpiece, has been 
widely applied in the design of up-to-date automatic transfer ma- 
chines. 


§ 119. TRANSFER MACHINE CONTROLS 
AND THEIR RATE OF PRODUCTION 


The control systems of automatic transfer machines and auto- 
mated production units must provide for the following modes of 
operation: automatic, semi-automatic, and setting up. Separate 
controls are required for the various machine tools, machinery, 
and mechanisms. Rapidly acting trouble-shooting facilities should 
be provided in the machine tool systems. 

The rate of production of an automatic transfer machine is de- 
termined by the cycle time. The cycle time of a transfer machine 
is the period of time between the output of successive finished work- 
pieces or sets of workpieces (for multiple-flow arrangements). 

The computed cycle-time in minutes is determined from the 


formula: 
Lei Ponax t tae thirtt,. 


in which 7 pe is the cycle time of the limiting machine tool or 

: unit in minutes; 

t, and ¢,, are the time in minutes required for 
unlocking the conveyer, transferring the workpiece 
to the next station, and for locking the conveyer 
again, respectively. 
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For continuous motion transfer machines or production lines, 
in which finished work is put out continuously and not periodically: 


t,.=9 and ¢t,,=0. 


If the cycle time does not provide the stipulated rate of produc- 
tion, two or more machine tools are installed at the limiting sta- 
tion. 

If an automatic transfer machine consists of automatically- 
operating independent units or sections and one of them limits 
the rate of production, this section may be operated at higher speeds 
and feeds to produce a reserve which will subsequently compen- 
sate for the different cycle times of the various sections. 


CHAPTER II 
AUTOMATED PRODUCTION LINES 


§ 120. INOCHKIN PRODUCTION LINE (V.T.P.) 
FOR MACHINING SEALING MEMBERS 


One of the first automated production lines, serving as the start- 
ing point for the development of complete automation in the engi- 


neering industries, was designed by Inochkin at the Volgograd 
Tractor Plant. 
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. Tooling layout of the automatic transfer machine for cast iron sealing 
members. 


Inochkin employed machine tools already installed in the plant 
as the component units. These machine tools were altered as re- 
quired and equipped with automatic handling and transfer de- 
vices. 

The tooling layout for a cast iron sealing member, applied to 
one of the automated lines designed by Inochkin, is shown in Fig. 212. 

The line comprises four unit-built machine tools and one altered 
semi-automatic lathe, model 116 (Fig. 213). All stations (machine 
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tools) have individual controls. They may operate synchronously 
or independently of each other. The cycle is started on each machine 
by the workpiece when it is transferred to the given machine. 

Before loading the blank at the beginning of the line, the width 
of the flange is inspected. The blanks are delivered along two 
branches of inclined chutes in a divided double flow to the two first 
boring machines which perform the same operation. Jn transfer to 
the third station (multiple-tool lathe), the blanks are mounted on 
the collet of a hydraulic pusher. Between the third and fourth sta- 
tions, the workpiece is automatically turned over (through 150°). 
After this the internal diameters are finish bored and the cham- 
bers are made. Four holes are drilled in the flange in the fifth 
Station. 

After machining in each station, the workpiece rolls from the 
receiver to the trough of a vertical indexing elevator, which raises 
it to the input of the next station. 


§ 121, AUTOMATIC TRANSFER MACHINE FOR MOTOR SHAFT 
PRODUCTION 


Fig. 214 a illustrates an automatic transfer machine designed 
for producing the shafts of electric motors and for press-fitting the 
rotor on the shaft. ‘the shafts are machined between centres on sin- 
gle-spindle hydraulic automatic lathes of frame-type construction. 
The conveyer for transferring the shafts from station to station 
is arranged in front; the shafts are delivered to the working position 
by a transverse pusher. Workpiece transfer is interlocked with the 
raising and lowering of the shield. 

Each machine unil of this Jine may operate entirely independently 
or synchronously with the other units. This is an important fealure 
and allows the rest of the machine tools to operate as independent 
units if one is shut down for any reason. 

An automatic lathe of the basic design employed in this transfer 
machine is shown in Fig. 214 b. It has one horizontal and one ver- 
tical carriage. 


§ [22, AUTOMATIC TRANSFER MACHINE FOR CRANKSHAFT 
PRODUCTION 


Transfer machines for machining such components as crank- 
shafts are much more complex in design. Special devices are required 
for transferring, clamping, and unclamping the workpiece at the 
working stations. 

One possible design of an automatic transfer machine for turning 
the journals and cheeks of crankshafts is shown in Fig. 215. All the 
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fig. 214, Automatic transfer machine for motor shaft production. 


a—arrangement, b — automatic lithe, 7 and @— horizontal aud vertical carriages, 
2 and 6 — tuilstock and hevlstock, 8 and 5 — transfer machiue controls. 


component maciine tools are installed parallel to each other and 
spaced at equal intervals. [he conveyer differs from that of the mo- 
tor shaft transfer machine (see Fig. 214) in its overhead design (Fig. 
215 a). This system is more convenient and economical since it 
saves floor space and facilitates maintenance. 

Hydraulic-operation automatic handling devices (Fig. 215 bd) 
are arranged on beams above the machine tools. There is one more 
device than stations. All handling devices travel simultaneously 
when the machine tools complete their operations. 

The automatic handling devices operate with the following cy- 
cle of motions (Fig. 215 d): 
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Fig. 215. Automatic transfer machine for crankshaft production. 
‘le of handling device move- 


a—arrangement, b— automatic handling device, c—chuck, d—cy¢ 
ments. 


1) all devices move downward, the grips open and grasp the 
crankshaft by two journals. To enable the crankshaft to be lifted, 
the clamping fixtures at the stations automatically unclamp and 
turn so that the loading and unloading slot faces upward (Fig. 215 c). 
The first handling device lowers and grasps the next blank at the 
loading station; 

2) all handling devices move upward; 

3) all handling devices travel horizontally (index) through the 
centre-to-centre distance between the component machines. Thus, 
the first device will be over the first station, the second. having 
removed the work from the first station, will be over the second 
station, etc. The last handling device, having removed the com- 
pletely machined crankshaft from the last station, transfers it to a 
position above the unloading station; 

4) all handling devices lower and deliver their workpieces to 
the clamping fixtures; 

QO) after the crankshafts are clamped at the stations, the handling 
devices lift upward; 

6) all handling devices return horizontally to*their initial posi- . 
tions. 

This cycle of handling device motion repeats after each ma- 
chining cycle on the machine tools. 

It will be necessary to note, however, that notwithstanding all 
the advantageous features inherent in transfer machines of the type 
here described, the idle motions of the handling facilities are quite 
long and considerably alfect the rate of production. 


§ 123. AUTOMATIC TRANSFER MACHINE FOR TURNING STEPPED 
SHAFTS 


It is of prime importance to link high-production multiple-tool, 
tracer-controlled, between-centres, semi-automatic lathes, as well 
as single- and multiple-spindle automatic bar and chucking ma- 
chines and finishing lathes into automated lines. 

An automatic transfer machine has been made at the Sergo Or- 
djonikidze Plant for turning shafts. It comprises two single-spindle 
hydraulic tracer-controlled semi-automatics of standard construc- 
tion (Fig. 216 a). 

The machine at the first station (Fig. 2166) is equipped with 
a minagazine-feed device into which a number of blanks are loaded. 
The magazine-feed operates by hydraulic action. It has two synchron- 
ously operating transfer bars which feed the next blank to the work- 
ing position where it is automatically clampod. 

The other end of the shaft is turned at the second station from 
where the finished shaft slides down a cnute into a box. 
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§ 124. AUTOMATIC TRANSFER MACHINE FOR STEPPED SHAFTS 


This transfer machine consists of five machine tools or stations. 
At the first station, the end faces of the blank are milied and cen- 
tred, the two halves of the blank are rough turned separately at the 
second and third stations and they are finish turned at the fourth 
and fifth stations. 

This transfer machine can be changed over to turn shafts in a 
diameter range from 25 to 90 mm and in lengths from 35) to 800 mm. 
The cycle time for‘a shaft 65 mm in diameter and 6i0 mm long 
(blank length—615 mm) is about 1.8 minutes. 

The work handling facilities include a chain-type loading unit 
with a capacity of 24 blanks which periodically feeds the blanks 
upward to where they are gripped by a hydraulic automatic 
handling device which transfers them to a suspended interme- 
diate receiver. From here, a second handling device carries the 
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blank horizontally, at the end of each cycle, to the working posi- 
tion. 

Such intermediate receivers with a capacity of eight workpieces 
are provided in front of each automatic lathe and, therefore, the 
horizontal travel of the handling devices is considerably reduced. 

These intermediate receivers also enable one or more machine 
tools to be stopped for changing or resetting cutting tools, without 
stopping down the whole transfer machine. 

This type of linkage between the machine tools in an automatic 
transfer machine sharply increases their utilisation factors due lo 
the reduced losses. 


CHAPTER III 
AUTOMATED PRODUCTION DEPARTMENTS AND PLANTS 


§ 125. CONCISE REVIEW 


Further developments of automatic transfer machines are aulo- 
mated production departments and plants which represent the 
highest level of industrial production. 

Such departments and plants for the manufacture of precise ma- 
chine components were fist designed and put into operation in 
the Soviet Union. Thus, the manufacture of precise ilems, such 
as automobile pistons and rings and ball and roller bearings, is ac- 
complished entirely without human participation except to main- 
tain the equipment in the proper working condition. Even inspec- 
tion operations in these automated establishments are done chiefly 
by built-in special measuring devices without aclive control func- 
tion. 

An aulomated plant for the production of automobile and trac- 
tor pistons, designed and built by the Experimental Scientific 
Research Institute for Metal-Cutting Machine ‘Tools (ENIMS) 
in conjunction with a number of other institutes and plants, was 
put into regular opcration in 1950. This automated plant has been 
in operation ever since and its output exceeds that stipulated in the 
project. 

The completely automated production of piston rings began in 
1954 in a department designed and developed by ENIMS and a 
number of machine tool plants. 

An automated department for producing antifriction bearings 
in the First Ball Bearing Plant was equipped, tested, and put into 
regular operation in 1900. 

In addition to other machine tools, all of these automated pro- 
duction facilities were equipped with various types and sizes of auto- 
matic lathes. They were designed to enable automatic loading and 
unloading to be applied, as well as transfer devices. 
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§ 126. AUTOMATED PLANT FOR PISTON MANUFACTURE 


This plant comprises a system of machines, units, conveying 
and inspection devices joined together to provide a comprehensive 
automatically-controlled production establishment. 

The manufacturing process in this plant begins with the melt- 
ing of aluminium pigs and includes all operations up to packing the 
finished pistons, automatically measured and sorted, in sets 
(Fig. 217). 

After loading, the aluminium pigs / are melted in the electric 
furnace 2. The molten metal is poured into permanent moulds 
mounted on a multiple-station pouring machine 38. 

A special machine 4 cuts off the gates and the castings are loaded 
into containers 5 in which they are annealed for 5.5 hours by a 
stream of hot air from anair heater in the special unit 6. After heat 
treatment, the pistons are transferred to the automatic hopper 7. 
This is a storage bank which provides a reserve used when the 
pouring machine is shut down. The containers return to sta- 
tion S. 

First the locating hole is bored and the skirt end is faced and 
chamfered (station 9). Then each piston is automatically mount- 
ed on a plate-fixture on which it continues to be conveyed (Fig. 218). 

The piston is then machined in an automatic transfer machine 
consisting of seven machine tools (stations 70 to 75, incl., and J7) 
(see Fig. 217), a machine for weight adjustment 76 and a washing 
machine J8. 

In the machining depo rtinent of the plant, pistons are han- 
dled by a transfer-bar conveyer 6 on plate-fixtures (Fig. 218). 

Upon counterclockwise rotation of the transfer bar 6, the recessed 
lugs 7 engage the fixtures with the pistens and transfer them to 
the next station. After this, the bar rotates clockwise, the lugs 
disengage the fixtures and then the bar is returned axially to its 
initial position. 

The conveyer is operated and the fixtures with the pistons are 
located at each station by hydraulic action (Fig. 219). Besides 
this, the pistons are clamped above by an upper centre. In rotating 
the pistons in the lathes, the driver is a radial key on the spindle 
nose which enters a T-slot in the fixture. At the end of their opera- 
tions, the spindles stop in a position in which the key is in line with 
and a continuation of the conveyer track. 

The lathes in the machining department are four-spindle, verti- 
cal, unit-built machines. In each of the two lathes, one for rough- 
ing and the other for finishing, turning is performed by two car- 
riages (see Fig. 217, stations 772 and 74). One carriage has a cross 
slide for facing the end and for turning grooves; the other feeds lon- 
gitudinally and turns the outside diameter. The carriages are auto- 
matic hydraulic units. 
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After passing through the machining operations, the fixtures run 
on a lift table. Here they are removed from the pistons, lowered to 
a chain conveyer and returned to thestation where the locating sur- 
faces are machined on the piston. 

After the washing machine 78 (see Fig. 217), the pistons are trans- 
ferred to the automatic hopper or storage bank J9 from where they 
are delivered for boring, reaming and finishing the wrist-pin hole 
at station 20. ‘This operation completes the machining and is fol- 
lowed by washing 2/, inspection and sorting 22 and 23, slushing 24, 
wrapping in waxed paper 25, accumulating the piston size in sels, 
packing in cardboard cartons (made at this station) and closing the 
cartons with sealing tape (all at station 26). 

The automated piston plant is manned by only six operators aud 
twelve setup men. The machine tools and other equipment installed 
in this plant are being continuously improved. 

At this plant, the productivity of labour was sharply increased, 
the cost of the pistons and the production area were substantially 
reduced. ‘he quality, accuracy, and service life of the pistons pro- 
duced are much higher than before due to the stability of the manu- 
facturing process. 


§ 127. AUTOMATED BEARING MANUFACTURING DEPARTMENT 


The lathe section of the automated bearing production depart- 
ment is shuwn in Fig. 220. Cups and cones (outer and inner rings) 
of tapered roller bearings are made of forgings delivered through 
gate B to the department and are loaded in bulk, in 250 to 300 piece 
batches. into the automatic hoppers. The hoppers are designed, 
not only for storaging the blanks, but also for feeding them out, 
properly oriented, to the elevators. The rings are then lifted and 
delivered to the discharge chules and from there to the branch 
conveyer. distributor conveyer, and to the machine tools. 

The cups and cones are machined in parallel on three eight-spin- 
dle automatic lathes in accordance with the tooling layout of 
Fig. 221. The cight-spindle lathes are of the two-sided type. One of the 
two upper positions is for loading and the second for trans- 
ferring or unloading (Fig. 222). 

These automatic lathes operate on the following cycle: blank 
loading at position JZ (left-hand side), consecutive machining in 
positions 2? and 3, indexing to position 4 and then transfer to the 
right-hand side in position 5. Further, the sequence of movements 
is the same as for the left-hand side. 

After turning the cups on the eight-spindle automatics J (sce 
Fig. 220), they are conveyed through the branch chutes, elevator, 
and overhead conveyer to press 3 where they are marked. From here 
they are transferred in the same way to the automatic hopper for 
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Chip disposal from side toolslides 


F ig. 222. Principle of operation of the two-sided eight spin- 
dle automatic lathes. 


1 -—-loading position, 2 and 38 — working positions, 4 — reloading 
position, 6 and 7 — working positions, 8 — unloading position. 


subsequent processing in the heat treating section of the automated 
department. 

Cones are transferred from machines 2 to single-spindle finishing 
automatic lathes and further along a parallel route to press 5 and 
to their automatic hopper. 

Bearing rings are made of pipe which is stored on racks a from 
where they are delivercd for complete machining. Outer rings pass 
to one of four two-spindle automatics 6; inner rings—to one of 
Lwo six-spindle automatics 7. Then the rings are marked on presses 
§ and 9 and transferred to their automatic hoppers in the heat 
treating section. 

The construction of automatics 6 and 7 differs only slightly from 
that of‘ general-purpose bar machines. All automatics (1, 2, 4, 6 
and 7) use cutting tools tipped with cemented-carbides. They are 
designed with present adjustment and have a mean dimensional life 
of four hours. A soap solution cutting fluid under a pressure of 1.5 
to 2 atm is used for cooling and washing off chips. Chips are dis- 
posed of by a screw conveyer arranged in a special channel under 
the floor. 

Complete or comprehensive automation of production processes 
one of the main lines of development of Sovict engineering. 


Part Five 


OPERATION AND MAINTENANCE 
OF SEMI-AUTOMATIC AND AUTOMATIC LATHES 
AND TRANSFER MACHINES 


CHAPTER I 
PREPARING A MACHINE TOOL FOR REGULAR OPERATION 


§ 128. SERVICE MANUALS 


The most important document concerning the operation and main- 
tenance of any machine tool is the service manual (other names 
are: operating instructions, operator’s handbook, operator’s manu- 
al, etc.). It contains complete specilications and all information 
required for efficient operation. The service manual lists data which 
enable the processing engineer to decide for what size of work and 
what types of machining the machine tool may be applied. The scrv- 
ice manual indicates the spindle speeds, available power, which 
feeds and speeds may be used, setting-up methods to be used, how 
change gears are selected, etc. The service manual usually has gear- 
ing, hydraulic system, and electrical circuit diagrams, a gencral 
view showing the controls, and lubrication and coolant system dia- 
grams. ‘The service manual is primarily intended for the setup man 
who must be well acquainted with the service manuals of a]! auto- 
matic and semi-automatic lathes attended by him. 

Automatic transfer machines are furnished with service manu- 
als for each component machine too!, in addition to all necessary 
data on the conveying facilities and the general control system. 

Data concerning the type, model and manufacture of the machine 
tool, as well as its photograph and the date and site of installation 
are listed at the beginning of the service manual. 

The section “Specifications” of the service manual indicates the 
capacity (workpiece size accommodated), working travel of the 
units, tool clamping facilities, and other dimensional data. 

The section “Accessories and Attachments” lists all the standard 
and special attachments and accessories furnished with each auto- 
matic or semi-automatic. The principal devices of thistype have 
been described in the chapters pertaining to the machines on which 
they are used. 

The section “Speeds and Feeds” indicates available power, spin- 
dle speeds, and tool feeds, as well as permissible torque, cutting 
forces, and feed pressures. 
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Since automatics and semi-automatics are multiple-tool ma- 
chine tocls, service manuals indicate the maximum permissible 
torque, developed forces and power for simultaneous operation of 
all the tools. 

A control diagram of the model 1A136 automatic screw machine 
is shown in Fig. 123. The information given here is necessary for 
operation. Such control diagrams are included in service manuals. 

The section “Drive” lists data concerning the drive motors, hy- 
draulic and mechanical elements of the drive, bearings, friction 
clutches, and other components. 

Special columns are provided in the service manual for setting 
down all alterations in design, made in modernising the machine, 
and the dates of the general overhauls. 

A gearing diagram with a list of all its elements, concerning the 
main drive, feed drive and auxiliary devices, is an indispensable 
item in any service manual. 

A gearing diagram is essential in understanding all the motions 
in the machine and is the basis for deriving the setting-up formulas 
for spindle speeds, tool feeds, and cycle time. 

Service manuals for various automatic machine tools may dif- 
fer in details as do the machines they describe, but almost all serv- 
ice manuals will include the above-mentioned sections. 

Main attention is paid in the service manuals of automatic trans- 
fer machines to those operation features which ensure the speci- 
fied workpiece accuracy, cycle time, and trouble-free operation. 


§ 129. SHIPPING AND HANDLING 


Definite rules for packing, shipping, and handling machine tools 
must be strictly followed to prevent damages. A new machine tool 
is received at a plant packed in a box. In unpacking, such indi- 
cations on the box as which side is to be up and where hoisting 
ropes are to be applied, must be followed. In no case may a box with 
a machine tool be rolled over; the inscription “Do not turn over” 
warns against this. 

Special holes or lugs are usually provided on machine tools for 
rigging the hoisting rope when lifting with a crane hook (Fig. 223). 
One should always be guided by the handling instructions in lift- 
ing a machine. First it is necessary to check whether the hoisting 
capacity of the crane is sufficient to carry the weight of the machine 
(indicated on the packing box). Never stand under a machine, packed 
or unpacked, when it is suspended from a crane. 

The following rules are important in lifting the machine and 
rigging the hoisting rope: 1) the hoisted machine should be entirely 
stable, 2) do not rig the rope over projecting parts of the machine, 
3) insert wooden blocks or pads between the rope and the machine, 
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4) carry the machine to the site 
of installation on hoisting ropes 
60 to 75 mm in diameter, without 
removing the bottom of the box 
and the skids. 

After unpacking the machine, 
the anticorrosive slushing com- 
poundshould be carefully removed 
with clean aviation gaso- 
line, heavy petrol, or kerosene. 
Then the surfaces should be 
wiped dry and coated with a thin 
layer of machine oil. Metal scra- 
pers or emery paper should in no 
case be used in cleaning the 
machine. 


§ 130. INSTALLATION 


Installation consists in setting 
the machine tool on its site, 
levelling, and connection to the 
power supply. Accuracy in oper- 
ationmay beachieved andretained 
over a long period of service 
only if the machine is properly 
levelled. ‘he machine is placed 
on a previously prepared foun- 
dation (Fig. 224) of a depth 
depending on the size and weight 
of the machine. 

Installation on a foundation Fig. 223. Handling diagram of the 
increases the rigidity and vibra- ™odel 1265-4 automatic, with and 
tion-resistance of machine tools, Without the packing box. 
therefore separate foundations 
are advisable for high-speed machines over 2 or 3 tons in weight. 
Light-weight automatic lathes inay be installed directly on a con- 
crete floor. 

Machines are installed in accordance with a layout plan of the 
given shop or section and a foundation plan which is sent to the 
buyer before the machine is shipped. T'wo methods of installing auto- 
matic bar machines are illustrated in Fig. 225. Diagonal arrange- 
ment of automatics is more frequently employed as it facilitates 
the attendance of several machines by a single operator. Usually 
one operator may attend from 5 to 8 single-spindle or from 3 to 
4 multiple-spindle automatics. Checkerboard arrangement saves 
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more floor space but is more complicated, both in installation and 
in maintenance. Semi-automatics are usually arranged to face 
each other and with a spacing of 500 to 800 mm. This arrange- 
ment will enable one operator to attend two or more machines. 


g Le Diagonal 
y 
S - 


So C) 


& Q- 
|< 2800-3009 -—>| 


Checxeréoar 
Gy, oc ow 
= | - === aae 


Fig. 225. Arrangements in the shop for single-spindle 
automatics. 
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After being set on the foundation (or site), the machine tool is 
carefully levelled in both the longitudinal and transverse direc- 
tions. A precise spirit level (accuracy of 0.04 mm per 1 m) is 
applied on the bed ways for this purpose. Machine tools are levelled by 


Fig. 226. Wedge and levelling shoe. 


means of steel pads, steel wedges, 50 to 60 mm in width and with 
a 5° or 6° taper, or adjustable levelling shoes (Fig. 226), spaced 
at 800 to 1,000 mm intervals. The levelling continues by driving 
in the wedges or adjusting the shoes until the ways of the main 
components of the machine are precisely horizontal or vertical, 
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as required. After levelling, the base and foundation bolts are grout- 
ed with cement mortar. The foundation bolts are drawn up firmly 
only after the grouting has properly set. The nuts of the foundation 
bolts should be tightened uniformly, i. e., gradually one after 
another, checking the position of the machine all the time with 
the level. 

In the installation of automatic transfer machines, special al- 
tenlion should de paid to the alignment of the component machines, 
proper assembly of the conveying and handling devices, and precise 
levelling of the locating surfaces. 

During installation, drive motors are connected to the power 
supply mains in accordance with the electrical circuit diagram. 
This connection is checked by noting the direction of motor 
rotation. Then the machine is lubricated and the tanks and reser- 
voirs are filled with cutting fluid and Jubricant. 

An automatic or semi-automatic lathe is tested by an idle run. 
During this run, all mechanisms should operate properly, without 
noise, knocks, jerking, or vibration. Plain bearings should not 
heat to a temperature over 60° Cand antifriction bearings over 75° C. 
Most up-to-date automatics and semi-automatics can operate, nol 
only on an automatic cycle, but also on a setting-up cycle. This 
enables the setup to be comprehensively checked, as well as the size 
of the workpiece, by engaging the separate units of the machine con- 
seculively one by one. 

Setting-up operation is provided not only for the separate com- 
ponents of an automatic transfer machine but for the system as a 
whole. 

Automatic machine tools or transfer machines may be put into 
regular operation only after being tested and checked in the set- 


ting-up cycle. 


$ 131. LUBRICATION 


Proper lubrication ensures not only trouble-free operation and 
a prolonged service life of a machine tool, but accuracy of perform- 
ance as well. Consequently, lubrication is of vital importance. 

Lubricant is delivered to the friction surfaces of a machine dur- 
ing operation to prevent direct contact of these surfaces and thus 
to reduce friclion and wear and to facilitate relative motion of 
mating parts. 

In automatic machine tools and transfer machines, lubricant must 
be delivered automatically to all points of lubrication before start- 
ing operation. 

Various systems of lubrication are employed on automatic and 
semi-automatic lathes. As a rule, the more important points are 
lubricated independently of the general system. In the latest models, 
oil is fed under pressure from a lubricator to these points. Impor- 
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tant points of lubrication include the spindle bearings, carriage 
and slide ways, and camshaft bearings. Gears are usually lubricat- 
ed by asplash orspray method; worm gearing by arranging the 
worm in an oil bath. Oil may also be fed by gravity from a reser- 
voir arranged above the points it accommodates. Less important 
points or points with poor accessibility are lubricated by hand pump 
or by standard oilers with hinged cups. 

A lubrication system may include a pump which delivers fil- 
tered oil to distributors, lubricators, or oil baths. 

Mineral oils, such as Machine oil L or Spindle oil Z (U.S.S.R. 
Std. GOST 1707-51), are recommended for lubricating automatic 
and semi-automatic lathes. In selecting a grade of lubricant, it is 
necessary to take into consideration the speed and pressure between 
the moving parts to be lubricated. 

All reservoirs should be washed and the whole lubricating sys- 
lem blown through cach 1.5 or 2 months of operation. In addition, 
the filters should be cleaned and clean lubricant should be added 
to the system periodically. 

If an automatic machine tool or transfer machine is restarted 
after standing idle for a period of time or after repairs, several 
minutes will pass after starting the machine before the piping will 
be filled with lubricant. 

As arule, the service manual of each automatic or semi-automatic 
includes a lubricating diagram and a chart of instructions 
which lists the points of lubrication and the amount and grade 
of lubricant required for each point. 

Sections of lubricating diagrams for aulomatic lathes are illus- 
trated in Fig. 227. 


§ 132. COOLING THE CUTTING TOOLS 


Cooling is a vital factor in machining metals. It enables higher 
cutting speeds and feeds to be applied, increases tool life, and 
enables more accurate and finer surfaces to be obtained. 

A properly designed and maintained coolant system increases 
the rate of production and improves the quality of work being pro- 
duced. 

A centralised coolant system, delivering cutting fluid (also 
called coolant) to all positions and tools simultaneously, is usually 
used in automatic machine tools. Mineral oil is most often used 
as a cutting fluid; sulphurised cutting oils are more seldom em- 
ployed. Sulphurised cutting oils or soluble oil cutting fluids may be 
used only when there is no danger, whatsoever, of them getting 
into the lubricating system. A large number of automatic lathes 
use mineral oils. Sulphurised cutting oils, containing up to 2 per 
cent sulphur, may give satisfactory results in thread-cutting. 
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The cutting fluid reservoir is usually a specially-provided com- 
partment in the base or leg of the machine. Sills, provided in the 
bottom of the reservoir, facilitate seltling of the cutting fluid. 
The cutting fluid must pass through a filter before delivery to the 
tools. 

The pressure in the system should be sufficient to direct a stream 
of fluid to the working zones of the tools. There is often a separate 
nozzle for each toolslide of multiple-slide machines. Cutting fluid 
is delivered to turret tools through a central pipe. The pipelines 
have articulated joints or flexible tubes to enable the nozzle to be 
set at any required position. 

A device for regulating cutting fluid feed and for shulting it off 
in setting up must be provided in the coolant system. 

Cutting fluid must never be allowed to enter the lubricating system 
since this dilution will deteriorate the lubricant quality and may 
result in bearing seizure and jamming in the ways. 

The coolant system must be washed out from time to time to 
remove fine chips; the cutting fluid is drained for this purpose. 
The system should be periodically replenished with fresh cutting 
fluid. 

When a large number of aulomatic and semi-automatic lathes 
are installed in a plant, culling fluid is usually cleaned and ren- 
ovated in a centralised system. In automatic transfer machines, 
the coolant system is usually centralised in the same manner as 
used-fluid drainage and its filtering. 

Coolant systems of single- and multiple-spindle automatics 
are illustrated in Fig. 228. 

It must be noted that no oil or other inflammable cutting fluids 
may be used at extremely high cutting speeds. 


§ 133. CILUIP DISPOSAL 


One of the most important problems in machine tool operation 
is chip disposal. The chip must not remain in the working zone 
of automatic machine tools since the operator is not in attendance 
continuously during operation. Poor chip disposal will worsen 
cutting conditions and may be the cause of tool breakage. Thus 
it may lead to a decrease in the production rate and to the produc- 
tion of low-quality work. 

The application of high-speed metal cutting considerably increases 
the amount of chips removed in a unit of time. For this reason, 
unsatisfactory chip disposal in automatic lathes will result in fre- 
quent shut-downs. 

To provide proper chip aieucaal it will be necessary, in the first 
place, to have the cutting tools designed to break up the chip 
(Fig. 229). Chips, broken into small pieces, occupy less space. They 
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do not remain on the tool or work and are more easily disposed of 
in the working zone. A vibration method has been recently applied 
to break up chips in turning. It makes use of vibratory movement 
of the cutting tool and is known as the kinematic method (Fig. 230). 
In turning and drilling, periodic disengagement, such as variation 
of the tool or drill feed, will very satisfactorily break up continuous 
chips. 

Power-operated chip conveyers are used for chip disposal in the 
latest Soviet designs of automatics and semi-automatics. ‘lwo 
types of chip conveyers for multiple-spindle automatics are illus- 

: 7 trated in Fig. 231. The 
With positive With negative angle scraper conveyer (Fig. 
LOG 231 a) fis inclined and 
consists of sheet metal 
scrapers or flights 
attached to roller chains 
driven by two pairs of 
sprockets. Chips fall on 
’ the’conveyer belt and are 
delivered to aspecial box. 


for multiple-soindle semi-automatics 


wig. 229. Tool angles of straight turning tools, Fig. 280. Kinematic 
tipped with cemented carbide and having chip (vibratory) method of 
breaker grooves. breaking up _ conti- 

nuous chips. 


The screw type chip conveyer (Fig. 231 6) is more reliable in 
operation. It quickly removes the chips and is not so sensitive to 
jamming and choking. 

There is always a danger in making small workpieces of their 
getting into the chips and being lost. The use of work catchers is 
required for such cases. ‘These consist of a chute which is lifted at 
the moment when the finished workpiece is cut off. The workpiece 
drops on the chute and slides down to the box for finished pieces. 
Then the chute lowers again to free the space in the bed for falling 
chips. 

A single general chip conveyer usually serves all the units of a 
transfer machine. 
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Fig. 231. Chip conveyers. 
a—scraper type, b—screw type. 


§ 134. LOCAL LIGHTING 


The most favourable lighting conditions must be provided for 
efficient machine tool handling. 

Natural illumination, through windows and skylights, is usual- 
ly sufficient in the daytime. 

Artificial lighting must provide for setting the lamp to any con- 
venient position. All work lamps must be equipped with shades 
or reflectors that protect the operator’s eyes against direct light. 
TI'wo zones must be distinguished in the lighting of machine tools: 
one is the machine control and work loading zone and the other is 
the working and work inspection zone. 

The control and loading zone may be illuminated by the 
shop system while the working zone requires local lighting of 
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an intensity which enables the machined surface and the cutting 
tools to be easily discerned without any eyesight strain what- 


soever. 


§ 135. GUARDS, PROTECTING DEVICES, AND SAFETY MEASURES 


Systematic instruction of automatic lathe operators on servic- 
ing and maintenance is one of the everyday duties of the setup 
man. 

The setup man should teach the operators up-to-date working 
methods and proper workplace arrangement. 

Higher quality work and increased ratio of production depend 
to a large extent on the setup man. Another important duty of the 
setup man is to acquaint the operators with the use of all guards and 


with accepted safety measures. 


Automatic and semi-automatic lathes are multiple-lool ma- 
chines in which a large number of driven elements move at high 
speeds. 


Guards are provided on these machines to protect the operator 
against flying chips and splashing coolant and also to exclude the 
possibility of the operator clothes, hair, or hands being caught 
by the rapidly moving components. 

Guards are designed to reliably protect the operator and to be 
easily removed during servicing. They should not hinder the oper- 
ator in the manual operations required for machine control and 
should allow him to watch the operation of the machine and the 
condition of the tools. 

The following rules, usually included in operating inclructions, 
must be followed in using guards: 

1) before starting the machine, install all guards and check 
their fastenings; in setting up, the guards should not be removed 
before stopping the machine; 

2) never touch drive elements or moving components, enclosed 
by guards, during operation; 

3) after stopping the machine,switch off the power supply be- 
fore removing the guards; 

4) during operation or setting up, eliminate the possibility of 
chance persons starting the machine (this is of special importance 
for machines with dual controls). 

In semi-automatic lathes the working zone is usually enclosed 
by light metal splash guards or shields with transparent windows. 
These devices must be lifted or shifted to the side each time work 
is loaded and unloaded. During operation, however, they should 
completely enclose the working zone. 

The splash and chip shields shown in Fig. 232 are used on single- 
and multiple-spindle automatics. 
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Reliable protection must 
be provided on the rotating 
bars of bar-type automatics 
so that no space is left 
between the stock reel tubes 
and the stock feeding me- 
chanism where loose ends 
of clothes or caps may be , ss 
caught up. 7 WA). a LB 

The interlocking arrange- [aR [= 
ment in semi-automatic | rh 
lathes, which does not allow 
the machine to be started 
or spindle rotation engaged 
if the work is improperly 
clamped, must be kept in 
a working condition. 

A measure for operator 
safety, provided on all new 
Soviet automatics, prevents 
the machine from being 
started until all loose hand- To Fig. 232. 
les, levers and handwheels b — for 1nultiple-spindle automatics. 
are taken off. In earlier 
models, such items could be thrown off at a high speed and with 
a large force when the machine was started. 

Special care must be taken to prevent the automatic cycle from 
being switched on during setting up or tool resetting. 

Soviet automatics and semi-automatics all have individual mo- 
tor drives which should be serviced with all necessary electrical 
precautions. 

Current-carrying components should always be reliably guard- 
ed to prevent contact with operators. Jt is absolutely necessary to 
ground all motor frames, starters and adjacent metal parts, as well 
as the whole machine by means of the grounding bolt which is indicated 
on the machine by an index plate. 

Electric starting devices should be conveniently located and 
protected against accidental engagement. In push button stations, 
the start button should be sunk 3 to 5mm below the face to prevent 
it from being pushed accidentally. Stop buttons should be of a 
red colour and should operate absolutely without fail from the 
slightest contact. 

Besides the above-mentioned, there are also general safety rules 
which fall into three groups: rules which must be observed before 
starting the machine, during operation, and after stopping the 
machine. 

1. Safety rules which must be observed before starting the machine. 
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The following should be brought into order: 

a) clothes and hair (unbuttoned, flapping clothes must not be 
worn, sleeves should be tightly buttoned or tied at the wrist); 

b) the operator's position or workplace (there should be nothing 
that the operator may slip on or trip over). 

Check the following: 

c) have all guards been replaced; do the clamping and locking 
devices operate properly? 

d) have all loose levers and handwheels been removed? 

e) do the coolant and lubricating systems operate properly? 

f) do all chip disposal devices operate properly, have wire hooks 
been prepared for pulling out chips? 

g) are all belts and chains properly tensioned? 

h) has the automatic been tested for a few minutes on an idle 
run? 

2. Safety rules which must be observed during operation: 

a) never remove guards and shields; 

b) never break up chips with bare hands, push them on with 
wire hooks; 

c) never stop the spindle with the hands if it still rotates after 
being disengaged; 

d) never put blanks, finished work, tools, or waste on the ma- 
chine; 

e) never use worn or sprung wrenches which may slip off nuts 
or bolt heads during clamping or unclamping; 

f) never lubricate, wipe off, or clean the machine during operation; 

g) never remove or replace tools, load or unload work when the 
spindle or other unit is rotating; 

h) never check or measure the workpiece while it is in rotation; 

i) never remove or replace belts, gears, or chains without stop- 
ping the machine. 

It will be necessary to: 

j) properly restock automatics; clamp work in semi-automatics 
correctly and reliably; 

k) keep the workplace clean (never encumber it with parts over 
which the operator may trip and fall); 

1) keep the hands as dry as possible. 

3. Safety rules which must be observed after stopping the machine: 

a) switch off the motor, even during the shortest stops; 

b) remove the workpiece; 

c) check whether the bar stock is of sufficient length in automatics; 

d) wipe off the machine and coat it with a thin layer of oil, re- 
move all chips caught in the working zone. 

Much attention is paid to operator safety in the Soviet Union, 
therefore the operation of machine tools is absolutely safe if all 
safety rules are strictly observed. 
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CHAPTER U 
TESTING MACHINE TOOLS 


§ 136. TESTING AUTOMATIC AND SEMI-AUTOMATIC LATHES 


Tests are conducted to check the accuracy and performance of 
machine tools, newly manufactured or after repairs. Such tests may 
be carried out only after properly levelling the machines and at- 
ter an idle test run for a period of 2 or 3 hours. 

The principal requirements, stipulated for automatic and semi- 
automatic lathes, are based on their capacity for producing work 
of the specified accuracy and surface finish at the specitied rate. 
The tests, therefore, must be such as to establish the quality of the 
machines. 

Automatics and semi-automatics are subject to the following 
production (acceptance) tests: 

1) idle run test, checking the quality of manufacture and the 
operation of all mechanisms in the electric, hydraulic, and pneu- 
matic equipment and in the lubricating and coolant systems, and 
also checking the capacities of the machine; 

2) accuracy tests; 

3) performance tests and determination of the rate of production; 

4) workpiece tests (checking the surface finish and accuracy of 
machined workpieces). 

In the U.S.S.R. production tests must conform with the general 
specifications established for the manufacture and acceptance of met- 
al-cutting machine tools (U.S.S.R. Std. GOST 7599-55). 

Idle run tests are conducted at different spindle speeds and 
toolslide feeds but, in all cases, without loads. In addition to this, 
all the mechanisms are switched on or engaged, the actual spindle 
speeds are measured, as well as the travel of all units (minimum 
and maximum) to check whether the characteristics of the machine 
conform to the specifications. An idle run test determines whether 
mechanisms are in a proper condition and operate correctly when 
they run without loads. This tests the proper action of all control 
devices in engaging, changing over, and transmilting motions, the 
action of interlocking devices, reliabilily of locking facilities and 
a complete absence of accidental engagements, misalignments, and 
jamming. Hydraulic-action automatics and  semi-automatics 
should operate at all speeds and feeds of the hydraulic drive without 
impacts or vibration. 

Idle run tests also include the measurement of consumed power 
at different spindle speeds. These measurements are usually made 
with a wattmeter or by using a voltmeter and two ammeters (for 
separate voltage and current measurements). 

Spindle speeds are measured by a tachometer or by a revolution 
counter, in conjunction with a stop watch. In the second case, the 
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actual number of revolutions is noted on the counter for a defi- 
nite period of time measured by the stop watch. 

The actual rate of feed of the toolslides is measured by counting 
olf 100 spindle revolutions with the revolution counter and measur- 
ing the corresponding toolslide travel with a steel rule. ‘The meas- 
ured travel divided by 100 will be the feed per revolution. 

The feed of hydraulically-operated units is determined by meas- 
uring the travel in 380 or 60 seconds (using the stop watch). 
From this, the rate of feed in mm per minute may easily be 
computed. 

Accuracy tests of automatic lathes are conducted with manual 
traverse of the units (with the power supply switched off). These 
tests consist in checking the relative position of the principal parts 
and units, such as beds, columns, tables, carriages, toolslides, spin- 
dles, etc. The aim of accuracy tests is to delermine the actual errors 
concerning straightness, flatness, out-of-roundness, parallelism, 
squareness, true running, etc. 

Each of these errors should not exceed the permissible values 
stipulated in the accuracy standards for the given type and size 
of machine. 

The essence of the accuracy tests and the methods employed are 
best explained in an example of an automatic screw machine. This 
machine (Fig. 233) has ways for turret slide travel. These ways 
must be straight in both horizontal and vertical planes and paral- 
lel with the axis of rotation of the spindle. Otherwise, the tool nose, 
in turning, will not travel along a straight line parallel with the 
axis of the machine and work of true cylindrical form cannot be 
turned. Flatness of the ways in a horizontal or vertical plane (if 
the machine has been properly levelled previously) can be checked 
with an ordinary or frame-type spirit level, reading to 0.02 or 0.04 mim 
per metre (Fig. 234 a). The level is moved along the tested surface. 
Straighltness may be tested by a precise straight-edge applied on 
two gauge blocks of equal height. The distance under the straight- 
edge to the ways is measured at various places by a set of gauge 
blocks and a thickness gauge. 

This method is used to determine the staightness errors in ways. 
If, for example, at various points under the straight-edge, thick- 
ness gauges of 0.10 mm, 0.05 mm, and 0.08 mm will pass and the 
distance between the blocks supporting the straight-edge equals 
one metre, then the maximum error per metre will be 0.10—0.05 == 
= 0.00 min. 

It is evident that if thickness gauges of the same size pass under 
the straight-edge, all along its length, the way will be as straight 
as the straight-edge. Therefore, the maximum error in straight- 
ness will be the difference between the maximum and minimum 
size of thickness gauge passing between the straight-edge and the 
way. 
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Fig. 234, Measuring tools and instruments used for 
machine tool accuracy tests. 
a -— spirit level, > -— straigzht-edge, ¢ — square, d —- dial indi- 
cator, e — dial test indicator set, f — thickness gauge, g — test 
mandrel, 
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Flatness may also be tested with marking compound and a sur- 
face plate. A thin layer of marking compound is applied on the 
surface plate which is then rubbed back and forth with a slight motion 
on the surface of the way being tested. Flatness is characterised by 
the number of bearing spots per unit area which remain on the way 
surface. 

The results of accuracy tests are to determine the actual errors in 
manufacture and in relative positions of the’principal units and parts. 

The following measuring tools areemployed in accuracy tests: 
spirit levels, straight-edges, squares, dial test indicator sets, thick- 
ness gauges, and test mandrels (Fig. 234). 

Of the above-mentioned, only dial indicators, spirit levels, and 
thickness gauges require explanations of their principle of opera- 
tion and design. 

A dial indicator is a sensitive instrument having a dial with 
100 divisions. Each millimetre of motion of the contact point will 
turn the hand a full revolution on the dial. Therefore, a hand 
movement of one division corresponds to a contact point movement 
of 0.01 mm. The spindle and contact point are returned by spring 
action. The dial may be rotated by a knurled ring, after the con- 
tact point touches the surface to be tested, so that the “O” gradua- 
tion coincides with the hand. 

Spirit levels are based on the movement of an air bubble in a 
curved glass tube of fluid. In the horizontal position of the level, 
the bulb is in the centre; any inclination of the level will displace 
the bubble from its central position. As a rule, one scale division 
corresponds to an inclination of 0.04 mm per metre. 

Thickness gauges consist of a set of steel blades of varying thick- 
ness from 0.04 mm and up. 

The parallelism, squareness, alignment, and true running of 
parts and units of machine tools are also tested (see Fig. 233 a, 
6b, c, and f). 

Parallelism (Fig. 233 d and e) is checked by attaching or apply- 
ing a dial test indicator set on one tested surface so that the con- 
tact point touches the other surface. The dial indicator is moved 
together with the first surface or aleng it. The parallelism of slide 
or saddle ways with the spindle is checked in this manner. 

Alignment of the axes of two components is checked as_ illus- 
trated in Fig. 233 f; squareness is checked as in Fig. 233 g. 

Rotating parts of machines, and first of all the spindle, are 
checked for true running, i. e., for runout in the radial and axial di- 
rections (Fig. 233 a and c). 

The permissible errors in machine tool accuracy tests are estab- 
lished by the standards. 

Performance tests and determination of the rate of productivun are 
the most important of the tests because they indicate how the ma- 
chine actually operates under load and its production capacity. 
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Performance tests are conducted at higher speeds and feeds than 
those employed in regular operation. 

As a rule, the machine is loaded 25 per cent in excess of its rated 
load. 

Frequently automatics and semi-automatics are furnished com- 
pletely tooled for a definite workpiece and may be tested at the spec- 
ified rate of production. ‘This test will show how the machine oper- 
ates and what accuracy and surface finish may be obtained on the 
work it produces. Automatic and semi-automatic lathes are tested 
on a run of several hours, and sometimes several shifts, to determine 
the production capacity over longer pcriods of time. 

Automatics and semi-automatics, furnished without tooling 
(poor practice), should be tested on the production of suitable work. 

Automatic and semi-automatic lathes, in accordance with their 
type and construction, are designed for producing work of the 
third and fourth grades of accuracy. Certain models of single-spin- 
dle automatics may, however, produce work of the second grade. 
The surface finish obtained may vary from y3 to y7 (according 
to U.S.S.R. Std. GOST 2789-51). 

The machining errors are usually within the ranges given in 
Table 3. Much more accurate work may be obtained if the machine 
and tools are more carefully set up and adjusted. 

Specially accurate work is done on high-accuracy machine tools 
and automatics which are usually called precision-type. ‘These auto- 
matics are manufactured to tolerances two or three times nar- 
rower than for ordinary models. 

When testing machines which have been in operation for a period 
of time, it will be necessary to determine how the wear of the parts 
alfects workpiece accuracy. For example, wear of the ways may be 
the cause of toolslide travel not parallel with the spindle axis. This 
will distort the form of the turned surface. Out-cf-roundness on the 
spindle journals may cause out-of-roundness on the work machined. 

Machine tool accuracy tests should be conducted pcriodically 
and all required repairs and readjustments should be made with- 
out delay. 

It must be remembered that errors in the form and size of work- 
pieces are due, not only to errors in the machine tool, but also 
to incorrectly located and clamped work, errors in the attachments, 
and tool settings. 

Power consumption tests show whether the drive motors have been 
selected properly. They enable the efficiency of the drive to be deter- 
mined, as well as the quality of its design and manufacture. 

The power consumption at medium and at high speeds and feeds 
is determined in the tests. 

The approximate efficiency of the drive in the setup for a deti- 
nite workpiece may be determined on the basis of the measured 
power NV consumed when the given workpiece is being machined 
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and the idling power V; measured at the same spindle and cam- 
shaft speeds. 
The efficiency (usually denoted by the Greek letter Eta— 4) 
is computed from the formula 
N—N; 
y= WV 8 


Power consumption tests are conducted with comparatively 
simple measuring instruments: two wattmeters which register the 
power and a tachometer or a revoiulion counter and a stop watch 
for determining the spindle speed. 

Laboratory tests, conducted on machine tools, aim at improve- 
ments in their quality. They include all production (acceptance) 
tests and, in addition, tests for rigidity, vibration resistance, pow- 
er distribution, and wear resistance, as well as testy which check 
the operation of various mechanisms, units, and systems. 

Rigidity tests are often conducted in the acceptance of a machine 
tool and consist in determining the capacity of various units for re- 
sisting loads that may appear. Machining accuracy depends 
on the rigidity of the spindle, toolslides, and the machine asa whole. 
On the other hand, the rigidity values indicate, in some meas- 
ure, the quality of manufacture and assembly of the machines and 
may reveal methods for increasing the rigidity. 

Practically, rigidity tests consist in applying a force to the test- 
ed unit (Fig. 235) and measuring ils deflection. The rigidity value 
RR is defined as the force / in kilogrammes divided by the deflec- 
tion a in millimetres: 

F 


; kg/mm. 


R= 


The larger this ratio, the higher the rigidity of the unit, or, as 
they say, the less it will “give”. 

Vibration-resistance tests. Vibration developed in the operation 
of machine tools has a detrimental ecifect on the surface finish and 
accuracy of the work produced. It increases wear in the machine 
parts, sharply reduces tool life, and, in general, decreases the rate 
of production. Under unfavourable circumstances, vibration may 
even be the cause of a break-down. 

There are many causes of vibration. In the first place, they are 
associated with unbalanced rapidly rotating parts, with alternat- 
ing or variable rigidity, with cutting speeds and feeds, with the 
condition and geometry of the cutting tool, and with the properties 
of the material being machined. 

Vibration-resistance tests are conducted to develop methods of 
eliminating vibration. The tests are made during operation, for 
the most part, and consist in registering the surface finish quality 
of definite test samples and the absence of chatter-marks (due to 
vibration). 
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Such instruments as the vibrograph or the oscillograph are em- 
ployed for more accurate vibration-resistance research. They meas- 
ure the frequency and amplitude of vibrations of the operative 
uuits. 

The following practical measures are often applied to increase the 
vibration resistance: elimination of excess clearance in the spindle 


F ig. 285. Arrangement for conducting rigidity tests on 
machine units. 


bearings and toolslide ways, increasing the rigidity of fixed joints, 
more careful alignment and balancing of rapidly rotating parts (in- 
cluding the blank), changing the tool angles, and the application of 
high-speed cutting methods. 


§ 137. TESTING AUTOMATIC TRANSFER MACH] NES 


Tests are conducted to check the reliability of the various systems 
of machine tools, units, transfer devices, and other mechanisms in the 
fully automatic production of work of the specified quality and at 
the required rate. Each machine tool in the fransfer machine is 
subjected to all the tests of § 136. The component units may be 
installed in the transfer machine only after they have all been tested 
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and their manufacture and assembly have been found to be of the 
required quality. The transfer machine as a whole is then tested 
to check the cycle time value. 


CHAPTER III 


METHODS OF INCREASING THE PRODUCTIVITY 
OF LABOUR 


§ 138. MULTIPLE MACHINE TOOL HANDLING 


Multiple machine tool handling or operation is such work of ma- 
chine tool operators when a single operator, by tending and other 
service, provides for the simultaneous operation of several machine 
tools. This is one of the most important methods known for increas- 
ing labour productivity. Automation is the most effective means 
for extending multiple machine tool handling. The operation of 
automatic and semi-automatic lathes offers the most favourable 
conditions for extensive multiple machine tool handling since 
their required handling is comparatively small. 

Multiple machine tool handling increases the quantity of work- 
pieces produced per unit of time by each operator and substan- 
tially reduces production costs. 

The following measures must be carried out to ensure that in mul- 
tiple machine tool handling each automatic or semi-automatic will 
produce the maximum number of pieces and will not stand idle: 

1) time required for handling operations and idle motions 
should be reduced to a minimum on all machine tools handled; 

2) machining time required on any one machine tool should ena- 
ble all the handling operations to be performed on the other machine 
tools, i. e., it should cover the sum of the handling times on the 
other machines, handled by the operator, in addition to the time 
required for going from one machine to another; 

3) the machine tools must be selected for simultaneous handling 
so that the ratio of machining and handling times allows several 
machines to be handled at the same time; 

4) the machine tools selected must be conveniently arranged 
in a compact group; 

©) measures must be taken to facilitate the handling, loading, 
unloading, and transfer of workpieces; 

6) chips should be regularly disposed of; 

7) tool readjustment and resetting must be made without de- 
ays; 

8) all machines must be regularly furnished with all the bar 
stock, blanks, tools, and auxiliary materials that they may need. 

Multiple automatic lathe handling requires that the setup man 
should periodically readjust and reset the automatics and contin- 
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uously maintain them in proper working condition to eliminate 
downtime. Besides the setup man, the group of automatics is usual- 
ly serviced by an operator who restocks the automatics, trans- 
fers the finished workpieces to the next machine, and removes the 
chips. On semi-automatic lathes, the operator performs handling 
and control operations as well. Consequently, multiple machine 
tool handling can be effective only if the time required for the han- 
dling operations performed by the operator on all the machine tools, 
is less than the machining time on each of the handled machines, 
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Fig. 236. Multiple machine tool handling chart. 


For example, a setup man or operator handles several machine 
tools of the same type operating with a cycle time 7. The atlon- 
tion of the operator for a time of 7, minutes (including time required 
for going from machine to machine) is required for one machine 
tool after a cycles. Then the servicing periodicity for each machine 
tool will be af, minutes and the number of machine tools han- 
dled by a single operator (or selup man) may be delermined from 
the following equation: 


machine tools. 


al 
m<i+— 
L's 
The same equation shows that multiple machine tool handling 
is feasible if: 
Ll i<cat.. 


The number of simullaneously handled machines may be checked 
graphically (Fig. 236). 

If the setup man or operator services machine tools which re- 
quire his attention after equal periods of time, the feasibility of mul- 
tiple handling may be determined from the same formulas. [1 this 
case, a will be the minimum number of cycles atter which atten- 
tion is required for the machine with the largest servicing time 7. 

Transfer machine servicing is always a case of multiple machine 
tool handling and is performed by a small number of persons. This 
number is based on full provision for the specified rate of pro- 
duction. 
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$130. WORKPLACE ARRANGEMENT AND WORKDAY ROUTINE 


The workplace includes the machine or machines handled by a 
single operator or selup man, the floor space occupied by the ma- 
chine or machines with their stores of blanks or work-in-process, with 
all handling and transfer devices and auxiliary equipment. The work- 
place of a setup man must be furnished with a cabinet (Fig. 237) 
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Fig. 237. Cabinets for tools, attachments, and fixtures. 


in which all fixtures and attachments, cutting, measuring, and me- 
chanic’s tools, and all drawings and documents, concerning the 
job on hand, are stored in exemplary order. Detail drawings, job 
slips, and inspection tools and instruments may be arranged on 
the table top of the cabinet. The workplace of an automatic lathe 
operator is illustrated in Fig. 238. 

{f industrial management is properly developed in the plant, 
the setup man’s workplace will also be furnished with a display 
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board showing the daily outpul of workpieces and the per cent of 
plan fulfilment for the shift. Such display boards are very useful 
as they enable each employee to follow his production achievements. 

The workday routine of the setup man and operator greally affects 
systematic operation of machine tool equipment and may be a means 
of increasing labour productivity. Machine tools may be employed 
to their full capacity only if they are handled with care, period- 
ically lubricated, cleaned regularly and, what is most important, 
operated with due attention. 
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Fig. 2388. Workplace for automatic bar machines. 


In most cases, automalics operate in two or even three shifts. 
Therefore, each machine should be taken over, before the shift, 
from the operator of the previous shift or given over, al the end of 
the shift, to the next operator in perfect running order. 

The setup man, and the operator as well, should report for work 
15 or 20 minutes before the shift starts. They should watch the 
operation of the machine to make sure it is in order or they should 
inquire about stoppages in the previous shift. Before starting work, 
it is necessary to check whether all machine tools are furnished 
with a sufficient store of blanks or stock and whether they have 
spare sets of culting tools. The job slips for new work must be looked 
over, all required attachments, cams, and change gears must be 
received, and preparations must be made to start work without 
delay. All preparatory work must be done in such a manner that 
no necessity will arise to leave the machine tool during the first 
half of the shift. 

Just before lunch time, the setup man must report to the foreman 
concerning all measures that must be taken to’ ensure uninter- 
rupted operation in the second half of the shift. 

The workday routine must be planned so that the machine tools 
are always under someone’s care and so that the setup man can 
make periodic rounds of all the machine tools, remedying all 
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troubles that may arise and demonstrating proper working methods 
to the operators. 

The setup man is a responsible person, entrusted with a large 
number of machine tools, culting tools, attachments, and fix- 
tures. He should teach the operators by demonstrating effective 
working methods and contending with down time and spoilage and 
thus raise their skill. 

All the operators, supervised by a_ first-class setup man, fulfil 
and overfulfil their job tasks. They keep their machine tools in 
excellent condition and become more skilled day by day. 

The famous Soviet lathe hand, G. S. Bortkevich, in describing 
his working methods, wrote: “I was able to reduce the time re- 
quired for loading and unloading work to a considerable extent by 
improving the arrangement of my workplace. Persistent training in 
these and other handling movements is the reason why [I work easi- 
ly, without “spurts”, and why I am not especially tired after operat- 
ing my lathe all through the shift without a break”. 


§ 140. PROGRESSIVE PROCEDURE IN SETTING UP AND 
OPERATION 


As a result of extensive study of his job, machine tool or group 
of machines, each operator and setup man must employ all techni- 
cal means to increase the rate of production and to produce work 
of higher quality. In the Soviet Union, each worker strives to help 
his section, department, and plant to achieve a maximum output 
of excellent-quality items with minimum labour input per piece. 

There are many approaches to this matter. 

Many lathe hands have’ achieved high-production operation 
by increasing the cutting speed; others, in addition to high culling 
speeds, use heavy feeds, up to 2 or 3 mm per revolution. Progres- 
sive lathe hands increase the rate of production by reducing the 
cycle time. They pay special attention to excellent execution of 
each production operation. 

Progressive lathe hands continuously devise new means for in- 
creasing production and improving the quality. They make time- 
and Jabour-saving suggestions concerning improvements of the 
manufacturing process, increasing cutting speeds and feeds and 
modernising the machine tools and attachments to reduce machining 
and idle lime. 

Besides this, they improve the quality of the work they produce 
to a considerable extent and handle their machine tools with spe- 
cial care. 

Much work has been carried out in the post-war years to raise the 
economic indices of machine tool utilisation and to increase the 
savings in materials, electric power, cutting tools, ctc. 
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The following measures will help the setup man to increase the 
production capacity of his section: 

1. Bar stock should be sorted into the required size and stored 
at the automatic bar machine where it is employed. When about 
*/,of the bar is used upa new bar is prepared for restocking. Re- 
stocking is associated with time losses from 0.6 to 1 minute for small 
bars and from 1.5 to 2 minutes for heavy bars. These losses can be 
considerably reduced by removing the burrs on the bar beforehand 
and by watching carefully for the moment when a bar is complete- 
ly used up. An automatic rod magazine will further reduce the time 
for restocking. 

2. Reduce the time required to loaa and unload the workpiece 
in semi-automatic lathes. 

This can be accomplished by employing rapid-action chucks 
(pneumatic or hydraulic types) and by performing manual opera- 
tions faster. 

3. Do all tool resetting in minimum time. For this purpose. 
use interchangeable tools and holders which may be precisely set 
before installing them on the machine. 

Considerable time is still being lost in changing and adjusting 
various tools on automatic and semi-automatic lathes. For example. 
the average time required for resetting various cutting tools will 
be: form tool—2 to 4 min, straight turning tool—1 to 2 min. 
boring tool—2 to 3 min, cut-off tool—2 to 3 min, reamer—2 
to 3 min, twist drill—0.5 to 1 min, threading die —2 to 4 min, 
and a tap—2 to 5 min. These times may be considerably reduced if 
the tool crib service is improved. 

4. Quickly remedy all minor troublesin the machines, attach- 
ments, and cutting tools to sharply reduce all machining time 
losses. 

5. Automatic and semi-automatic lathes are frequently changed 
over to other jobs. This change-over is always associated with 
considerable setup time losses. Six-spindle automatics require from 
4 to 5 hours of setup time and single-spindle models require from 
2 to 4 hours. 

The approximate times required for the various elements, in 
changing over to a new job, are as follows: 


Setting spindle speeds ......... 1 to 3 min 
Setting feeds ............. 1 to 3 min 
Changing the collet and stock pusher . 2 to 4 min 
Adjusting stock feeding and chucking. 3 to 6 min 
Installing new cams ........ 60 to 120 min 
Adjusting the cams .......... . . 20 min 


The time losses in change-overs may be reduced by examining 
the production task for the following week or month and planning 
the jobs for each machine tool so as to reduce the number of ele- 
ments which must be changed. 
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A number of Soviel machine tool plants now manufacture auto- 
malic and semi-automatic lathes which do not require that new 
cams be made or even changed in changing over to a new job. On 
these machines, the principal elements can be set up (or changed 
over) in 40 to 60 minutes. 

6. Progressive production workers manage to reduce time losses 
due to poor production management. In Soviet plants measures 
are taken to completely eliminate working time losses associated 
with waiting for the job assignment, detail drawing, and blanks, 
with obtaining tools and altachments, with receiving the re- 
quired instructions and with between-shifts losses. 

7. Progressive setup men plan each day’s work to increase ma- 
chine tool utilisation. This includes drawing up a schedule of serv- 
icing, planning the receiving of blanks and turning over finished 
work, pulting the work places into proper order, drawing up a plan 
for resetting and readjustments so as to reduce downtime, prepar- 
ing all tools required for resetting, and planning other work (study- 
ing the detail drawing, inspecting and testing the machines, 
elec.) which are a part of his duties. 

8. In addition to increasing the rate of production, progressive 
operators and setup men improve the quality of the workpieces 
being produced. This is done by very careful setting up and reset- 
ting and by checking the setup periodically (checking the size, 
form and surface finish of the work). To maintain a high quality, 
it ix vecessary to see that all cutting tools are properly sharpened 
and set, that the blank is reliably clamped, that measuring devices 
are properly selected and carefully adjusted, and that the required 
culling fluid is applied and in the proper amount. 

9. Progressive workers increase the period of trouble-free oper- 
ation of machine tools. This results in more intensive and better 
machine tool ulilisation. To prevent breakdowns and to avoid gen- 
eral overhauls, the setup man keeps the machine tools under care- 
ful observation, he observes all prescribed rules for their main- 
tenance, sees that the machines are properly lubricated and 
cleaned and he also remedies all troubles during operation without 
delay. 

10. Setup men should study new working methods devised by 
progressive operators; they should help the process engineers in 
making stop-watch time studies of the separate elements and then 
teach other operators these methods. 

Operations which should be studied in the first place include: 

automatic lathes: restocking, adjusting the chuck clamping 
force, adjusting stock feed, setting and adjusting cutting tools, set- 
ting up the automatic, lubricating and cleaning the machine, rem- 
edying minor troubles, and checking the workpiece; 

semi-automatic lathes: loading, aligning, clamping, and unload- 
ing the workpiece, setting up and adjusting the semi-automatic, 
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Jubricating and cleaning the machine, checking the workpiece, 
and remedying minor troubles. 

Those operations should be studied first that require the most time, 
reduce the rate of production and also those which are not correctly 
performed by certain operators since the time and labour they re- 
quire are excessive. 


8 141. RATE SETTING 


Rate setting, which serves to determine the standard time re- 
guired to machine one workpiece and the rate of production 
in unit time, is a powerful means of increasing the productivity of 
Jabour. 

The standard time for machining one piece is expressed in seconds 
or minutes per piece. The rate of production is expressed as the 
number of pieces made per hour or per shift. 

The standard time for making one workpiece or for performing 
certain operations on a given machine tool is the minimum time 
required under existing production conditions. It should be hased 
on the most expedient cutting conditions, the use of good quality 
cutting tools, and on furnishing the workplace with all required 
items for the work to be done without any delay. No extra time 
may be added to the standard time to compensate for production 
management disorders. The standard time (time per piece) 7, in 
seconds is determined by the formula: 

P= (ln tt,tt, + ta+t,) sec. 
is the machining time in seconds during which 
one workpiece is machined; 

t, is the handling time in seconds during which all 
handling operations are performed, such as loading, 
clamping, and unloading the workpiece, advancing 
and retracting the tools; 

t. is the servicing time or time required for setting, 

adjustments, changing tools, etc., in relation to 

one piece; 

¢, is the time in seconds required for various organisa- 

tional measures and delays including lubrication 

and cleaning the machine in relation to one piece; 
is the fatigue time required for rest and personal 
needs in relation to one piece. 

The machining time ¢t, may be determined from the alignment 
chart in Fig. 239. 

The standard output Q, is determined as the reciprocal of the 
time per piece expressed in minutes: 


In which: 2z 
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The gross rate of production of a machine tool is expressed as 


60 . 
i pes/min 
or 
* 3,600 
Q,= T. pes/hr 


in which 7’, (cycle time) is equal to t, + t,. 
The actual rate of production will equal: 


Oi 1 pes/min 
c 


Or 
On = sb n pes; hr 
Cc 


in which y is the utilisation factor. 

The actual rate of production should equal the standard output. 
Therefore the utilisation factor accounts for the servicing and de- 
lay time, time required for minor current repairs and also the time 
for personal needs of the operator. 

In machining simple work, factor y is taken equal to 0.95; for 
very complex work produced on multiple-spindle machines, it is 
taken as 0.8. To calculate the gross and actual production of semi- 
automatic lathes, it will be necessary to add the time for loading 
and unloading the work (if this time is not overlapped) to the 
cycle time T.. 

Rate setting also concerns the piece-rate (P) in kopeks for mak- 
ing one piece: 

P=WT, kopeks 


in which 7, is the time per piece in minutes; 
is the wage-rate per minute of an operator of the giv- 
en skill rating. 

The essential point of the wage system is to evaluate working 
time in monetary units in accordance with the skill required for 
the job, the intensity of the work, and the physical effort required. 

In determining the production cost (in cost calculations), the 
setup time must also be taken into consideration. The setup tiie 
(¢,,) in seconds is the time required for setting up the machine for 
a lot of n workpieces and for preparing the machine for operation. 
Cost determinations are based on the calculated time 7’,,, which 
is defined as: 


t ee 
Pegt= Ty +t = (tatty tts + tatty + st.) sec. 


All improvements in the manufacturing process and develop- 
ments in the skill and technical knowledge of the plant personnel 
will raise the productivity of labour. Therefore, the time standards 
must be decreased and the output rate increased. 
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CHAPTER IV 


MACHINE TOOL MAINTENANCE, REPAIRS, 
AND MODERNISATION 


§ 142, MAINTENANCE 


Very careful maintenance is required to keep machine tools in 
proper running condition. 

Experience has shown that the periods of trouble-free operation of 
a machine tool can be substantially prolonged with proper mainte- 
nance. 

Maintenance of machine equipment is divided into three stages: 
servicing before starting work, during operation, and after fin- 
ishing work. 

Servicing before starting work. Before starting to work, each oper- 
ator or setup man must inquire of his opposite number in the pre- 
vious shift about all troubles and defects that were discovered. Af- 
ter making sure that the troubles are completely eliminated, he 
must inspect the machine. He should check whether controls oper- 
ate without failure and whether the clamping devices operate re- 
liably. He should also thoroughly lubricate the machine. 

If the machine has been standing idle for a prolonged period, 
it should be started and run idle for 10 or 15 minutes. It is advis- 
able that the operator or setup man does all this work before the 
beginning of the shift to avoid losses in production. 

After the machine is switched on for automatic operation and the 
first few workpieces are made they should be carefully measured 
to check whether they conform to the specitications of the detail 
drawing. Cutting tools must always be reliably clamped. 

Servicing during operation includes careful observation to see 
that all mechanisms operate faultlessly, that the temperature of 
plain bearings does not exceed 60° C and that of antifriction bearings 
does not exceed 75°, that all engagements and disengagements take 
place without impacts, and also that there is no jamming, excess 
clearances, or misalignment of the various units. 

In addition to this, the devices for feeding lubricant should be 
periodically checked, as well as the effectiveness of the oil filters. 
Cutting fluid should never get into the lubricating system or on the 
electrical devices and motors; there must be no leaks in the system 
and the cutting fluid must be delivered directly to the zones where 
metal is cut. 

Machine tools must be serviced during operation so that the guards 
and shields are not removed and so that they operate normally. 

Servicing after finishing work consists in switching off the ma- 
chine, cleaning it of any remaining chips, retracting all opera- 
tive units to their initial positions, wiping off the machine with a 
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clean rag, and preparing it for trouble-free operation in the next 
shift. 

At the end of the shift, the workpiece being machined must be 
finished and, for multiple-spindle machines, all the workpieces 
must be finished or the machine should be stopped in a position 
where not one workpiece will be spoiled. 

Systematic and atlentive maintenance of machine equipment 
will sharply increase its production capacity and utilisation, and 
reduce the amount of repairs required and the cost of operating 
the equipment. 

If the necessity of adjustments or minor repairs to certain mecha- 
nisms arises during servicing, such work should be done without de- 
lay, not waiting until the defect leads to serious trouble in the ma- 
chine. 


143. REPAIRS 


Repairs are made lo maintain machine equipment in a condilion 
to operate effectively over a long period. 

The system of repairs preferred in the Soviet Union is called 
planned or preventative maintenance. This system includes all 
facilities for preserving equipment, such as current (on-duty) serv- 
icing between repairs, planned periodic inspection afid cleaning, 
periodic accuracy tests, planned minor and medium repairs, and 
planned general overhauls. The system consists in conducting var- 
ious preventative measures and maintains the equipment in an 
excellent operating condition all the time. 

Automatic and semi-automatic lathes, as a rule, are installed 
in plants in which precise schedules are established for periodic 
inspections, checks, minor and medium repairs, and general over- 
hauls. 

In minor repairs, only a part of the units is disassembled (in 
accordance with the results of periodic inspection), worm parts 
are replaced or renovated, taper jibs and other sliding surfaces are 
smoothed down or scraped, and the lubricating, coolant, hydraulic, 
and other systems are adjusted. 

Parts subject to replacement in medium repairs or general over- 
hauls are revealed by minor repairs. 

All units are disassembled for medium repairs. The subse- 
quent stages are the same as for minor repairs. 

A general overhaul consists of complete disassembly, washing 
of all parts and units, replacement of all defective parts, and a 
careful restoration of all worn parts. 

The construction of the machine tool should be quite clear to 
the repairmen before starting a general overhaul as should be the 
order in which the repairs and subsequent reassembly are to he 
done. 


452 


In disassembly, all parts should be numbered and the order of 
their reassembly should be established and set down. A general over- 
haul should fully restore the initial accuracy and production ca- 
pacity of the machine tool. 

In the course of the overhaul, mating parts are measured. ‘This 
reveals wear and defects and serves to draw up the defect sched- 
ule which, subsequently, is the basis for making repairs. 

The processing methods employed in repair operations must en- 
sure high quality and the reguired accuracy. 

Worn ways of beds, cross members, slides. and saddles are usual- 
ly rapaired by scraping and, less frequently. by grinding. The re- 
paired surfaces are checked by surface plates, straight-edges, and 
the mating parts. For example, if bed ways are scraped, they are 
checked finally with the saddle using a marking compound. A thin 
layer of marking compound is applied on the ways of either the bed 
or saddle whichis then moved along the bed. There should then 
be a uniform dustribution of bearing marks on the ways. If there 
are “bald” spots, without bearing marks whatsoever, or places with 
a continuous coat, the ways have been unsaltisfactorily scraped 
and more metal must be scraped off where there is much marking 
compound. This operation is repeated until the bearing marks 
are distributed uniformly in spots over the full length and = width 
of the ways. 

It is often necessary to repair spindle journals and their bear- 
ings in general overhauls. If a plain bearing is used, the spindle 
journals are subject to wear and lose their initial form. In such 
cases, it will be necessary to regrind the journals, removing the mini- 
mum possible amount of metal. This is especially important if the 
spindle is casehardened and the hardened layer is thin. 

Worn anltifriction bearings should be replaced with new bear- 
ings. 

Plain bearings are repaired by scraping and are also checked 
with marking compound. 

It is best to replace excessively worn gears wilh new gears. 

The following are some of the up-to-date repair methods employed 
to restore and reinforce worn or broken parts: arc or gas welding 
{including the welding of cast iron parts), surfacing of worn places 
on parts, flow welding, electric or gas metal spraying to build up 
worn places, and building up little-worn vital surfaces by chro- 
mium plating. Certain parts, not subject to high heat or loads, may 
be glued together with carbinol glue (for metals). 

Other methods are lapping-in, heat treatment, and shot pecning 
which are used for finishing working surfaces, surface hardening, 
and increasing the fatigue strength. 

Assembly operations, applied in equipment repair, should be 
planned to avoid expensive fitting work wherever possible. 


§ 144. MODERNISATION 


Modernisation is defined as the alleration of units and parts or 
the addition of new units or parts to machine tools, already in serv- 
ice, with the aim of increasing the rate of production and the accu- 
racy, extending the _ possibilities for multiple machine tool 
handling, and lightening the operator’s labour. 

The following types of modernisation are most frequently ap- 
plied: increasing the ranges of cutting speeds and feeds, and the avail- 
able power, increasing the number of pieces machined simultaneously 
or the number of cutting tools, decreasing idle time, and increas- 
ing the degree of automaticity. 

It will be necessary to make strength calculations of the machine 
to establish the upper limits of feasible increases in cutting speed 
and available power, and to reveal the links in the kinematic chains 
that limit further increases. These calculations should check 
the drive elements in respect to the torque and power that may be 
transmitted, as well as their strength, rigidity, vibration resist- 
ance, wear resistance, etc. 

The available power may be increased hy replacing the drive 
motor with a more powerful one, at the same time, increasing the 
width or number of drive bells and the module of the gears. As a 
rule, the factor of safety allows the motor power to be increased 
by 25 or 30 per cent in comparison with the rated value without 
any major design alterations. 

Electric motors are designed to permit temporary overloads up 
to 50 per cent for 8 or 10 minutes and 25 per cent for 30 minutes. 
Therefore, if the length of the cycle is considerably less than these 
values and the machine operates under varying conditions, the 
periodic (peak) load may somewhat exceed the rated power of the 
motor. 

Before increasing the available culting speeds, it will be neces- 
sary to check the rigidity and vibration resistance of the machine 
and to operate with minimum overhang of the tools. 

Vibrations may be reduced by a better finish and more accuracy 
of all jointing surfaces, by providing interference in all fixed asso- 
ciations, by using cardboard or rubber washers in such joints, by 
decreasing the number of joints, and by increasing the rigidity. 
This latter maybe provided by morereliable and effective fastea- 
ing of the parts. 

In semi-automatic lathes, modernisation often concerns work 
clamping facilities which should operate with minimum time 
losses. This entails the use of pneumatic, hydraulic, or electric de- 
vices which sharply reduce operator fatigue and increase production. 

The automation or mechanisation of work clamping facilities 
will enable multiple machine tool handling to be extended with 
less physical elfort required from the operator. 
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Modernisation in automatics and semi-automatics is olten 
armed at reducing time required for setting up and adjustments. 
Rapid action selling-up mechanisms and devices are applied in such 
eases. Phey facilitate and speed up tool setting and adjustments 
lo the required work size. 

At the present time, automatic work gauging devices are sel- 
dom used) for automatic and semi-automatic lathes. This auxil- 
lary operation requires a great deal of time and, therefore, the appli- 
calion of gauging devices, that relieve the operator of frequent 
measurements and the resulting necessary stoppages, are very dc- 
sirable. 

It is oflen expedient to provide supplementary gauging, loading, 
and signalling devices to simplify handling operations if machines. 
are to be operated with multiple machine tool handling or at high 
culting speeds. 


